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This  report  of  the  Upper  Colorado  Region  State-Federal  Interagency 
Group  was  prepared  at  field  level  and  presents  a framework  program 
for  the  development  and  management  of  the  water  and  related  land 
resources  of  the  Upper  Colorado  Region.  This  report  is  subject  to 
review  by  the  interested  Federal  agencies  at  the  departmental  level, 
by  the  Governors  of  the  affected  states,  and  by  the  Water  Resources 
Council  prior  to  its  transmittal  to  the  Congress  for  its  consideration. 
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This  append] Xjpresents  the  results  of  comprehensive  investigations 
for  formulation  of  framework  plans  to  provide  a broad  tjuide  to  the  best 
use,  or  combination  of  uses,  of  water  and  related  lana  resources  to  meet 
foreseeable  needs.  It  provides  appraisals  ol‘  natural  resources  and  their 
geographic  distribution,  projections  of  future  requirements,  associated 
problems  and  needs,  and  presents  a framework  program  and  alterriatives  to 
ser’/e  as  a general  guide  for  r-esource  development  and  conser’/ation  to  the 
year  2020,  wit.h  intermediate  object, ives  to  the  years  198O  and  2000. 

The  Upper  Colorado  Region  comprises  the  drainage  of  the  Colorado 
River  above  Lee  Ferry,  Arizona,  and  the  Great  Divide  Basin  in  south- 
central  Wyoming,  The  region  includes  parts  of  Arizona,  Colorado,  New 
Mexico,  Utah  and  Wyomin*^  and  totals  113, *+96  square  miles  in  area.  Nearly 
two-thirds  of  the  land  is  in  public  ownership. 

The  region  is  sparsely  populated,  averaging';  only  three  persons  per 
square  mile.  Only  Grand  Junction,  Colorado,  and  Farmington,  New  Mexico, 
exceed  20,000  population.  The  I965  population  ot'  366,000  is  projected  to 
nearly  double  by  2020. 

The  region  is  and  probably  will  remain  largely  an  exporter  of  raw 
and  partially  processed  materials  and  other  resources,  including  water 
and  an  importer  of  finished  products.  A majority  of  the  available  water 
is  now  committed  to  downstream  delivery  and  transmountain  diversion.  The 
minerals  industry  is  engaged  in  mining,  partial  refining,  and  transport 
ol’  riumerous  commodities  to  other  areas  for  finished  processing  and 
manuf  acture . 

A^^riculture  is  livestock  oriented.  Beef  cattle  and  sheep  are  pro- 
duced on  the  range  and  irrigated- farm  base  and  are  then  mostly  marketed 
outside  the  region,  About  8?  percent  of  the  projected  production  of 
electrical  energy  will  be  exported.  The  bulk  of  mineral  production  will 
be  for  petroleum,  uranium,  coal,  molybdenum  and  trona  production. 

Outstanding  opportunities  are  available  to  local  residents  to  par- 
ticipate in  year-round  recreation  activities.  A great  n\imber  of  visitors 
from  adjoining  regions  and  throughout  the  United  States  also  en,1oy  the 
fishing,  hunting,  skiing,  camping,  and  other  outdoor  sports. 

The  Office  of  Business  Elconomics  and  Economic  Research  Service  (OBERS) 
r-larch  1968  projections  were  modified  to  better  fit  the  situation  in  the 
region. 

These  modified  projections  are  designated  as  the  regionally  inter- 
preted OBERS  (RI  OBERS)  projections  and  are  the  basis  for  the  freimework 
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plan.  This  plan  is  described  in  detail  and  then  is  followed  by  alterna- 
tive plans  that  reflect  emphasis  on  different  uses  for  the  available  water 
supplies  and  resources.  The  alternative  plans  are  identified  as: 

1.  States'  alternative  to  the  framework  plan  (6.545  million  acre- 
foot)  level  of  development, 

2.  States'  alternative  at  the  8.l6  million  acre-foot  level  of 
development,  and 

3.  States'  alternative  for  water  supply  physically  available  at 
site  in  the  region  (9-44  million  acre- feet). 

Comparisons  of  the  framework  plan  and  alternate  levels  of  development 
are  shown  in  the  table  on  the  following  page. 

The  proposed  levels  of  developmerit  meet  the  requirements  of  OBERS 
projections  and  use  the  available  resources  of  the  region  in  varying  de- 
grees. Water  in  the  region,  as  in  all  semiarid  areas,  is  the  limiting 
criterion.  However,  it  appears  that  the  commitments  of  the  Colorado  River 
Compact  car.  be  met  and,  except  for  some  water  deficiency  for  fish  and  wild- 
life uses  in  Arizona  and  New  Mexico  and  local  shortages  during  low  stream- 
flows.  on-site  demands  can  be  met  for  the  6.5  MAF'  development  level.  At 
higher  levels,  augmentation  will  be  required. 


Costs  have  been  estimated  only  for  the  framework  plan.  Installation 
and  annual  operation,  maintenance,  and  replacement  (OM^(cR)  costs  for  water 
related  and  associated  development  for  the  I966-8O,  I98I-2OOO,  and  2001- 
2020  lim.e  frames  are  shown, in  the  following];  tabulation: 

r 

Development  costs  for  framework  plan 

($1,000)1/ 


Installation 

1966-1980 

1981-2000 

2001-2020 

Anr.ual  OMvR  ( change 
by  end  of  period) 

1966-1980 

1981-2000 

2001-2020 


Water 

development 

1,190,300 
1,074,350 
658 , 780 


17,540 

20,290 

9,440 


Associated 

development 

2,700,840 

5,982,310 

1,397,680 


215,950 

452.780 

(-121,720 


Total 

development 

3,891,140 

7,056,660 

2,056,460 


233,490 

473,070 

(-)1P,280 


T7  A F'e  de  ral  - no  ri-  F'e  de  ral  breakdown  is  included  in  the  section  on 
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romp'irison  of  frrunerfork  plari  and  alternatives 
I'or  WH’cr  and  selected  related  reduiromonts, 
Uj.p<^r  ‘‘olorado  Kej/ior. 


n/'5 

base 

Kramc- 
wo  rk 
plar. 
in  2020 

otate 

' .5 

mill  ion 
ac  ro- 
feet 

in  2020 

altern' 

~Kh'^ — 

.mi  11  i O': 
-acre- 
Teet 
in  2020 

t ives 
Vffiter 
avai 1 * 
able 
at  site 
ir.  2020 

Or.-sit.e 

letions 

! rrifTiition 

i.OCK^  ao.-ft,. 

2.1KA 

3,2.‘l* 

3,297 

3.658 

11,089 

K)cpor‘- 

1 ,000  ac.  -n  . 

551 

1.653 

l.'*55 

2,203 

2.817 

Other  uses 

i ,000  ac.-.-  . 

13? 

91*1 

1,136 

1,61*2 

1,878 

Less  impor* 

1 ,000  ao.-f  . 

f-' 

(-'3 

(-:-3 

C-'3 

Subtotal 

TTooH 

5,085 

5,885 

H.vPi 

V*aif-stem  reservoir 

evaporation 

1,000 

660 

660 

660 

660 

Total 

3, '*51 

I".  51*5 

6.51*5 

8.160 

9,1*'*1 

Arricul ’Ural 

Activit 

. rrifc'atcd  land 

1,000  acres 

3 , ' 

2,122 

2. 118 

2.351* 

2,579 

I'ry  cropland 

1 .000  acres 

fi03 

503 

503 

503 

503 

Faiif'e  f'rac.ing  production 

1 ,000  AMM's 

h,368 

7.665 

7.6.65 

7.665 

8.392 

Timber  production 

MU.  cu.  I’L. 

1(8 

ihO 

*.l*0 

31*0 

31*0 

Industrial 

A<-*  ivi  fv 

Klectric  power 

'ntem.'il 

Megawat  t s 

1.335 

1*2.081 

1*2,591 

1*7.591 

50.391 

Hydro 

Megawatts 

1,300 

1,  iOO 

1, 300 

1.300 

1,  300 

Minerals 

T’-ale  oil 

Mil.  btl . day 

0 

0 

1.5 

1* 

U 

Coal  b;, "produces 

Equivalent 

mil.  bbl.  day 

0 

0 

0.2 

0.8 

1.6 

1 o’.ash 

ToiiS  'day 

0 

0 

1*.100 

1*,100 

l*.100 

Kish  and  V/ildlifc 

- Recreation 

fish  ai.d  wildlife 

.'port  hui*tintj 

1,000  mati-dayc 

1,268 

2,371* 

2,631* 

2.955 

3.072 

:5por»  fishing 

1,000  man-days 

3,51*7 

9,221 

9.601 

10,0<lU 

Hec^eation 

Mil.  rec.-da.vs 

56 

225 

225 

225 

225 

Watershed  vanaf'iement 

and  \ lood  Control 

Watershed  marja^’ement 

Cediment  yield  reduction 

1 

o 

< 

2.761* 

2,761* 

2.761* 

2.761* 

Flood  control 

Flood  damaf’;e  reduction 

1,000  dollars 

6,rhh 

7.0t,3 

7,751* 

Economic  Activity  (Ecot.omlc  boundaries 

lopul at  ion 

1 .^x'>Va 

33V 

m) 

7U6 

901 

Employment 

1 .000' s 

in 

251 

285 

31*3 

Gross  re>/lorial  product 

Mil.  dollars 

1,11*2 

10,1*70 

11,712 

13,906. 

Fersotial  income 

fill,  dollars 

7,572 

8,570 

10,529 

iii 
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The  average  annual  expenditures  for  the  on-goinc  water  development 
program  for  the  I965-69  period  ad,justed  to  the  I965  price  level  are 
$82,120,000,  of  which  about  $70,880,000  has  been  used  for  the  program 
and  $11,250,000  has  been  used  for  OM^fR.  An  increase  of  about  $8,^70,000 
ariTiually  will  be  needed  to  accomplish  the  installation  of  the  I966-B0 
portion  of  the  water  development  programs. 
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KITRODUCTION 


Tliiij  appf.-ntiix  sets  forth  the  national  and  regional  objectives  of 
plaM'.ing  for  the  Upper  Colorado  Region,  cites  the  authorities  under 
which  planning  studies  are  accomplished,  and  presents  a discussion  of  the 
policies,  procedures,  and  constraints  which  need  to  be  recognized. 

The  present  status  of  water  and  related  land  development  is  de- 
scribed, needs  and  demand  are  enumerated,  preservation  considerations 
are  outlined,  and  the  water  and  related  land  resources  that  are  avail- 
able to  meet  the  projected  needs  are  discussed.  A regional  framew^irk 
plan  is  developed  along  with  alternatives  to  reflect  gross  requirements 
for  facilities  and  programs  for  the  time  periods  1980j  2000,  and  2020. 
Finally,  comparisons  are  made  among  the  freunework  plan  and  the  alterna- 
tives . 


National  projections  for  population,  empl^iyment , gross  national 
product,  personal  income  and  per  capita  income  were  provided  by  the 
Office  of  Business  Economics,  Department  of  Commerce,  and  the  Economic 
Research  Service,  of  the  Department  of  Agriculture,  and  are  primarily 
an  extension  of  past  trends.  For  this  study,  these  projections  are  des- 
ignated as  "OBF.RS"  published  in  I»larch  I968. 

It  was  necessary  to  modify  crop  production  needs  to  be  consistent 
with  projected  livestock  output  as  well  as  to  adjust  other  sectors  of 
tiie  economy.  These  data  are  identified  as  regionally  interpreted  OBERS 
level  of  development  or  "RI  OBERS,"  and  are  the  basis  of  the  framework 
plaii . 


Additional  alternatives  were  developed  to  reflect  capability  of  the 
region  to  supply  goods  and  services  not  fully  evaluated  in  the  OBERS  pro- 
jections . 


National  Objectives  of  Planning 

The  basic  objective  in  the  formulation  of  the  framework  plans  for 
the  designated  regions  of  the  Nation  is  to  provide  the  best  use,  or  com- 
bination of  uses,  of  water  and  related  land  resources  to  meet  foreseeable 
needs  projected  to  the  year  2020.  In  pursuit  of  this  basic  conserva- 
tion objective,  full  consideration  is  given  to  each  of  the  following 
objectives  and  reasoned  choices  are  made  between  them  when  they  conflict. 

a.  Development  - National  economic  development  and  development  of 
each  region  within  the  country  are  essential  to  the  maintenance  of 
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national  strength  and  the  achievement  of  sati sfact'iry  levels  d‘  living. 
Water  and  related  land  resources  development  and  management  are  essential 
to  economic  development  and  growth  through  concurrent  pr  >visi  'U  for-- 

Facilities  to  store  and  distribute  an  adequate  water  supply  of  suit- 
able quality  for  domestic,  municipal,  agricultural,  and  industrial  uses. 

Hydroelectric  power  where  its  provision  can  contribute  advanta- 
geously to  a needed  increase  in  power  supply. 

Reduction  of  flood  damage  to  a reasonable  level  by  use  of  both  struc- 
tural and  nonstructural  measures. 

Land  stabilization  measures  where  feasible  to  protect  land  for  bene- 
ficial purposes. 

Accelerated  intensive  forest  mar;agement  practices  to  meet  rapidly 
increasing  demand  for  forest  products. 

Land  drainage  measures,  as  required  to  obtain  the  best  use  of  land. 

Watershed  protection  and  management  measures  to  preserve  and  enhance 
resource  use  opporturiities. 

Outdoor  recreational  and  fish  and  wildlife  facilities  to  enhance 
recreational  opportunities. 

Any  other  means  by  which  development  of  water  and  related  land 
resources  can  contribute  to  ecorn'mic  growth  and  development. 

b.  Preservation  - Proper  stewardship  in  the  long-term  interest  of 
the  Nation's  natural  bounty  requires  in  particular  instances  +hat-- 

There  be  protection  and  rehabilitation  of  resources  to  insure  avail- 
ability for  their  best  use  when  needed. 

Open  space,  green  space,  and  wild  areas  of  rivers,  lakes,  beaches, 
mountains,  and  related  land  areas  be  maintained  and  used  for  recreational 
purposes,  and 

Areas  of  significant  natural  beauty,  historical,  archeological,  cul- 
tural, and  scientific  interest,  be  preserved  and  managed  primarily  for 
the  inspiration,  enjoyment,  and  education  of  the  people. 

Regard  for  the  urilque  character  of  the  region,  which  should  remain 
insofar  as  possible  a ..pacious,  uncrowded  land  for  the  enjoyment  of  all 
the  people  of  the  United  States. 
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c.  Well-beliig  'f  P<..-'ple  - Well-being  oP  ttlli/  of  the  people  shall 
be  tin  verriding  detemirjanl  in  considering  the  best  use  -f  water  and 
!’■  Im  ed  land  resouroes.  Hardsiiip  and  basi''  needs  f parM^-ular  groups 
within  tile  general  public  shall  be  'f  <•  incert.,  but  care  shall  be  taken 
t ' av.'id  n/s  urce  use  and  devel  -pment  f r t iie  ber;efit  of  a few.  In  par- 
ticular, policy  rei|uirements  and  guides  established  by  tli*-  Congress  and 
aimed  at  assiuring  that  t.he  use  -f  natural  rescure.-s,  including  -water  and 
air  resources,  and  the  preser-/ati  -r.  and  use  f liist'rical  and  archeolo- 
gical resources  shall  be  obser-/ed  in  'rder  t - c-afegufir'i  tlie  interests  of 
all  of  our  people. 


Regional  Objectives  and  Goals 

Tlie  basic  objective  ar.d  goal  in  formulating  the  framework  plan  for 
the  Upper  Col  rado  Region  is  to  provide  a br -ad  guide  to  determi.-.e  how 
the  water  and  related  land  resoixrces  requirements  f r the  foreseeable 
short-  and  long-term  needs  might  be  met.  The  development  of  agricultural 
resources,  the  expansion  of  the  ir.dustrial  base  t-  prvess  and  utilize 
the  vast  deposits  of  minerals  and  fuels  Is  considered.  In  additi  -n, 
mar.;>'  opportunities  exist  to  provide  facilities  that  would  attrai-t  visi- 
tors from  outside  of  the  region  to  enjoy  many  types  of  year-round  outdoor 
recreation,  including  the  excellent  fishir.g  and  hunting.  Thus,  this  area 
of  great  open  spaces  could  provide  some  if  the  essence  of  a quality 
enviroiJTient  for  residents  and  other  citizens  of  the  Nation. 

Cpecific  objectives  include; 

a.  Provide  facilities  for  storage  and  distrlbuti  m of  the  -water 
supply  available  from  the  Colorado  River  system. 

b.  Provide  structural  arid  nonstructural  flood  damiige  prevention 
measures  to  reduce  damages  from  floods. 

c.  Manage  -watersheds  to  preserve  and  enhance  the  land  and  water 
for  multiple  uses  and  reduce  soil  erosion  and  sedimentation. 

d.  Increase  livestock  and  crop  production  from  irrigated  and  range 
lands . 

e.  Encourage  exploration,  mining,  and  processing  of  the  minerals 
and  fuels  available. 


^ The  existing  Colcrad  ■ River  Compaci,  imposes  obligations  'u  the 
region  and  specifir-ally  reserves  water  for  use  of  the  States  of  th-i 
region  in  relation  to  other  areas  f the  Col  rado  River  drainage. 
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f.  Develop  the  timber  resources  t,  realize  the  appr  priate  sus- 
tained yield. 

g.  Protect  and  enhance  the  natural  envi r> inment  and  the  sigtiificant 
historical,  archeological,  and  cultural  resources,  and  salvage  scientific 
data  tiiat  vill  therwise  be  damaged  or  destroyed  by  devel  ipment  activities. 


Authorization 


ITse  Upper  Col  'rado  Region  is  one  of  the  river  basins  in  the  United 
States  included  in  a nationwide  pr  >gram  of  comprehensive  river  basin 
planning  for  the  development,  use,  and  management  of  the  w:iter  and  related 
lar.d  res('urces.  This  program  stems  from  rec.immendatiotiS  of  the  Senate 
Select  Committee  on  Nut.ional  V/ater  Resources,  which  were  presented  by  the 
President  in  the  Fiscal  Year  1963  budget. 

Tiie  Water  Resources  Planr.ing  Act  (P.L.  89-8O,  July  22,  19^5)  estab- 
lished the  Water  Resources  Council.  The  Pi’esident  transferred  the  fune- 
tior.s  and  commiltee  irgaiii zatiot.  of  ihe  Interagency  Committee  on  'Jater 
Resources  t ■ the  Wat.er  Resources  Couticil  on  April  10,  I966.  This  trans- 
fer included  the  Pacific  Southwest  Interagency  Cunmittee  (PSIAC).  By 
letter  of  October  10,  I966,  the  Water  Resources  Couiicil  requested  the 
PSIAC  to  take  leadership  and  coordinate  the  comprehensive  studies  in  the 
Pacific  Southwest,  including  the  Upper  Colorado  Region.  PSIAC  accepted 
this  responsibility  by  letter  of  November  21,  I966.  Funds  were  provided 
and  an  organization  meeting  to  begin  the  Upper  Colorad  o Region  stuciy  '^as 
h(;l<i  '■!.  January  31>  1967-  The  Upper  Colorad'i  River  Commission  was  subse- 
quently designated  as  the  chair  agency. 

Uie  States  of  Arizona,  Colorado,  New  Mexico,  Utah,  ar:d  '.-fyoming  and 
the  Unper  Colorado  River  Commission  participated  with  t.he  following 
Federal  agencies  in  this  Investigation: 

a.  Department  of  Agriculture  - Soil  Conservation  Service,  Economic 
Research  Service,  and  Forest  Service. 

b.  Depariment  of  the  Artiy  - Corps  of  Erigineers. 

c.  Department  of  Commerce  - National  Weather  Service;  Economic 
Development  Administration. 

d.  Deptirtment  of  Health,  Education,  arid  Welfare  - Public  Health 
Service . 


e.  Departmc-nt  of  the  Interior  - Bureau  of  Indian  Affairs,  Burt'au 
of  Ijar.d  Managemeni  , Bureau  of  Mines,  Bureau  of  Ouldoc'r  Recreation,  Biux’au 
'f  Reclamation,  Bureau  of  Sport  Fisheries  and  Wildlife,  Geol.'gicnL  Sur- 
vey, National  Park  Service. 
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t‘.  Pepartment  of  Traimp'U’tat  L ti  - P’^-deivil  ']'i(^h-wny  A imi  r.  i strati  on  . 

g.  Environmental  Pr'te'-tlon  Agerif.y  - Watn-r  .^luality 

h.  Federal  PoweT  Commi sol  it. . 


Planning  Policies,  F*r 'cedures , ai.d  Constralr.ts 

Comprehensive  i'ramew  rk  planning  for  th'-  Upper  Col-  rad  ■ Region 
required  a eoordinated  analysis  f >r  all  water  and  related  larid  use  with 
• 'fisiderat ion  of  the  constraints  ar.d  e.ttitrils  imp 'Sed  by  the  physiography 
■f  the  region,  the  overall  sh  rt  w;iter  supply,  and  the  legal  and  insti- 
tutional envi  r 'rmieiits  arid  proservation  of  env : r 'nmental  values.  The 
Upper  Colorado  Region  study  concerns  the  upper  half  if  the  Colorado  River 
Rfisin  and  the  Groat  Divide  Basin.  The  division  of  the  Colorado  River 
Basin  wris  defined  by  an  interstate  compaot  speciiYir:g  upper  and  1 <w--r 
basin  water  use  allotments,  pri  'I'ities  Ir:  types  of  uses,  and  dowristream 
delivery  requirements.  I'urthermore . an  Interriat  ional  V/ater  Treaty  sets 
foriii  obligations  of  the  upper  and  lower  basins  under  certain  conditions 
to  pr 'Vide  waiter  for  Mexico;  under  other  circumstances  this  obligation 
will  be  assumed  by  the  United  Gtates  as  specified  by  P.L.  90-537-  Eacti 
of  the  seven  Colorado  River  Basin  States  has  separate  water  codes  and, 
in  addition,  the  five  Upper  Btisln  States  have  agreed  to  their  relative 
uses  of  Colorado  River  writer  tiir  'Ugli  ari  interstate  compact.  Thus,  as 
would  be  expected,  there  are  certain  necessary  departures  from  the  afore- 
mentioned unlfnn  national  objectives,  standards,  and  pr  medures  due  to 
the  existing  constraints  imposed  by  these  State  and  Federal  agreements. 

The  largest  present  use  of  water  is  for  irrigation.  This  use  ranges 
from  the  small  diversions  by  the  individual  landowner  to  the  major  stor- 
age and  diversion  works  of  the  Federal  projects.  Irrigated  crops  contri- 
bute substantially  to  the  economy  and  the  development  iif  new  irrigation 
pr > jects  has  a significant  impact  on  local  areas  and  the  region.  There- 
fore, the  large  irrigable  areas  considered  in  alterr.ative  plans  must  be 
anal,  x i on  an  area  or  regional  basis. 

Tile  base  year,  19^5 > was  adopted  for  purpose  of  the  plan  formulation. 
All  projects  either  developed  during  the  period  1965“70  or  funded  by 
July  1968  are  considered  available  to  meet  1980's  demands.  The  year  1970 
was  not  treated  as  a "projection"  year  in  the  same  sense  that  I98O,  2000, 
arid  2020  were  considered  throughout  the  study.  Data  for  the  study  are 
generally  presented  by  regional,  subreglorial,  and  state  breakdowns. 

I'he  procedure  in  formulating  the  '•  mprehonsive  plan  was  first  to 
prepar  ■ the  following  appendices; 

Appendix  ITT  - Ix.'gal  and  Institutional  Envir  niments 

Appendix  IV  - Ertonomio  liase  and  Projections 


5 


:4 


PARI'  T 


ITJTROD'JCTTOi; 


'.valtr  Rt'oi'iurcea 
Lai.'.i  Resour'a’c;  ar/i  U.;'j 

- Kiat-raL  Roaour 

- Watersh'.-'i  Maaagemef.t 
FL 'ixi  Coi.t  rol 

Irrigati''!:,  and  Drainage 
Munl<;ipal  and  Industrial  Water 

- Re<T'-'ation 

- Fish  atid  WiliLil'e 

- Ic  P->wi;r 

Water  .'Quality,  P 'llution  Coniril,  and  Health  Fa-tor, 


basis  'f  t.his  appendix.  One  region  in  the  Pacific  Gouthwest  considered 
tw  additi  mal  appendices  - .WI,  Shore  Line  Projection  and  Dc'/el  ptn<'nt, 
a.';d  >rVII,  Kavigatio:  . Th-se  are  not  presently  applicable  t-  i.he  Upper 
C-'1‘  rado  Regio;  . Recreati.ir.al  navigatiin  was  considered  i?  ; he  recr'.-a- 
1 ior.  apper.dix  where  appropriate. 


Appe:;d  i x 

V - ' 

AppeJi'i  ix 

VI  - 

Apper.d  ix 

VII 

Appendix 

VIII 

Appendix 

IX  - 

Appendix 

X - 

Appendix 

XI  - 

Appendix 

XII 

Appendix 

XIII 

Appoiidix 

xr/ 

Appei.dix 

X'/  - 

Plans  and  pr  i| 

A regional  determination  d'  wfiter  requirements  f r all  uses  was 
madf  . In  selecting  a general  plan  'f  water  and  laivi  dewelopmet:  t , only 
gene-ral  cot.siderati  'i.  was  given  t - -list -repayment  -apacity  relati  -'nships 
inasmuch  as  practically  all  su-h  devel -pment  is  covered  by  existing 
autli  wizatior  . I'he  remaining  p 'rtion  of  th'.  plari  is  based  essentially 
upori  reasotieJ  appr 'Xim.ations  a!;d  the  jud^^nem  of  experienc'ed  plann-rs. 


Policy  and  constraints  statemet.ts  ad 'pted  by  PGIAC  and  used  in  *hi.' 
study  f 'll.  w. 

Water  exp  ri/imp.rt  constraints 

All  existing  and  authorized  diversions  to  and  f r im  tiie  region  ar<' 
rec'igriized  and  the  expected  transfers  of  water  included  as  a loss  to  the 
trat.sferring-out  region  and  available  for  use  in  the  transferring-in 
region . 


The  distribution  of  water  between  regions  Is  imide  in  accor.dance  witli 
existing  Federally  approved  compacts  or  legal  agreements.  In  some  cases, 
de-islons  had  to  be  rarvie  as  to  the  future  division  of  wtiter  between 
regions  within  a state. 

All  'Cation  of  water  among  competing  areas  and  uses 

Assumpt  1. 'ns  ooncerriing  allocation  of  wtiter  ;imong  c.impetlr.g  ar-as  and 
uses  are  'f  param.juiit  concern.  Historically,  in  the  W«.'St , writer  lias  beeti 
appr  printed  for  use  under  state  law.  It  is  expi-'-tcd  that  futuf-  uses 
will  be  sanctioned  under  similar  jurisdictional  arrangements.  F.d abl i shed 
water  rights  have  Irdierent  erronomi-  value  arid  are  ri.u’iiuilly  associated  with 
ber.f;ficial  use  of  specific  land  or  property.  Western  histerj'  and  western 
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’rft.it'  r law  record  tins  extreme  sensitivity  of  questions  associated  with 
allocaiiori  of  water  resources  among  competitig  areas  and  uses. 

Experience  has  shown  that  expanding  urban  areas  aljn 'St  alwtiys  have 
adequate  capacity  t>  jvy  whatever  reas  mable  '■  ost  is  involved  in  "btair.- 
ing  a supplemental  water  supply. 

In  recognition  of  the  foregoing,  it  is  concluded  that  the  basic 
assumptions  necessary  t' ■ foll^'W  in  Type  I plannitig  are  along  the  f -illow- 
ing  lines: 

1 .  Water  presently  being  beneficially  used  will  not  be  diverted  t 
supplement  growing  urban  or  industrial  demaiids,  except  where  urban,  'r 
industrial  growth  occupies  land  on  which  'water  is  beneficiatly  used  for 
another  purpose. 


2.  Allocation  of  newl;/-  developed  wfiter  supplies  will  be  predicated 
on  the  projected  demands  for  comraodities,  services,  and  other  purposes. 

3.  Available  water  allocated  under  compacts,  agreements,  or  laws 
but  not  presently  in  beneficial  use  by  the  allottee  will  be  available 
for  future  beneficial  use  of  the  allottee  (state  or  other  'rganizational 
unit).  This  study  will  rely  on  appropriate  state  laws  or  policies  for 
determination  of  priorities  of  use  among  competing  areas  and  uses. 

4.  The  ocean  should  be  considered  available  and  plans  for  its  use 
as  a water  resour -e  could  be  included. 

Water  quality  '-riteria 

Consideration  of  water  quality  will  pr 'vide  suffi'-ient  latitude  t.‘ 
permit  future  growth  and  full  devel  'pment  f water  use,  pr'V'ded  tlie 
condition  of  the  water  does  not  reflect  failure  to  apply  all  c rre^'tive 
measures  which  are  physically  possible  and  e -orK^mically  feasible.  These 
'water  quality  considerations  shall  not  inhibit  applicat  i m ir,  at.y  way  of 
existing  interstate  compacts  or  court  decrees  r Intrastate  appr  nrla- 
tion  of  water. 


Wild  and  scenic  rivers 

The  relationships  of  Wild  and  Seen!  • Rivers  to  land  use,  watershed 
m/inagement , -water  development,  and  othei-  functions  will  be  c 'tisidered. 

Environmental  quality 

Maintenance  of  environmental  quality  deserves  liigh  pri  -rlty  in  plfu.- 
ning  for  the  future.  Tiiere  is  perhaps  no  other  area  in  the  48  c.iterminou.s 
states  which  remains  as  uncotitjuninated  a.s  this  I'egi  .,  and  cverj-  consid- 
eration should  be  given  to  the  type  and  maiiner  of  development  whlcli  will 
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keep  it  this  wny.  Water  p'lLlution  control  can  be  accnmplished  within 
reasonable  limits,  air  pollution  is  a problem  in  only  a few  limited 
localities,  atid  the  human  population  is  widely  dispersed.  Erosion  is 
a t.tlnuir.g  problem  that  requires  appropriate  watershed  management  and 
1 1 • atment . Tills  s^  udy  gives  C'lgnizance  to  these  assets  for  a pattern 
■f  future  develofiment  whi'-h  will  preserve  or  enhance  the  esthetic  and 
iiealth- related  a*’ributes.  Development  that  deteriorates  environmental 
ILUilltles  will  be  "arefully  evaluated. 
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Tills  section  summarizes  the  i',yrj5  level  of  water  and  Land  utili  z.ation, 
miinagernent,  and  development.  A brief  description  is  presented  of  the  Ly65 
uses  of  water  by  principal  catef^ories  of  use  and  by  subregion  and  states. 
The  present  status  of  the  72.2  million  acres  of  land  area  is  summarized  uy 
use,  ownership,  soil  types,  and  vegetal  cover  types.  An  additional  0.4 
million  acres  are  covei’ed  by  water.  Appropriate  tables  olTer  ready  r''-fer- 
ence  to  luantitative  figures. 


Summary  of  1 ,‘b!3  Water  Uses 

The  total  virgin  or  undepleted  supply  of  water  is  estimated  to  be 
14.9  million  acre- feet  annually.  This  estimate  is  bused  upon  the  computed 
outfiow  from  the  region  as  measured  at  Lee  Ferry,  Ai’izona,  I mile  below 
the  conlTuence  of  the  Faria  and  Colorado  Rivers  for  the  52-year  period, 

1914-65- 


On-site  depletions  for  1965  related  to  ram's  activities  in  the  region 
were  3-45  million  acre- feet.  These  depletions  include  the  average  annual 
uses  at  the  1965  level  of  development  and  the  long-term  average  or  normal- 
ized evaporation  from  mciin-stem  reservoirs.  Data  have  been  adjusted  where 
necessary  to  reflect  average  conditions  that  may  not  have  occurred  in  some 
areas  dui’ing  the  year  1965- 

Hstiiruates  of  ou-slte  depletions  wei’e  made  specifically  for  this  frame- 
work study  and  are  not  to  be  construed  as  depletions  f’harged  to  the  various 
states  under  the  provisions  of  the  Colorado  River  and  Upper  Colorado  River 
Basin  Compacts.  In  particular,  they  are  site- located  and  do  not  necessar- 
ily reflect  direct  relationships  to  streamflow  diminishment  at  Lee  Ferry. 

In  a reconnaissance  study  of  this  type,  the  on-site  depletions  have  been 
applied  directly  in  estinuiting  both  virgin  and  present  modified  flows.  His- 
toric water  shortages  to  the  on-site  depletions  have  been  recorded. 

By  far  the  largest  co.nsumptive  use  was  by  the  1.6  million  acres  of 
irrigated  crops,  associated  seeped  and  incidental  phreatophyte  areas,  and 
irrigation  reservoir  evaporation.  These  uses  account  for  62  percent  of 
the  total.  Minor  water  uses  for  other  purposes  were  municipal  and  indus- 
trial (0.8  percent),  minerals  (md  power  (1.6  percent),  stock-pond  evapora- 
tion and  livestock  use  facilities  (l  percent),  and  recreation  and  augmented 
i'ish  and  wildlife  (0.4  percent).  Over  one-half  million  acre-feet  of  water 
was  being  exported  from  the  region  by  Colorado  and  Utah.  hVaporatlon 
losses  from  main-stem  regulating  reservoirs,  FlaminFi  Gorge  and  lake  Powell, 
for  1965  norrwilized  conditions  w(?re  643,000  acre- feet. 
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For  flexibility  in  analysis  and  pl<anninfi,  the  region  has  been  divided 
into  tiiree  subi’egions  designated  as  Green  River,  Upper  Main  Stem,  and  Eari 
J’.ian-'ioLoi-'ido.  Tiie  Great  Divide  tiasin  of  southwestern  Wyoming,  not  nor- 
mairy  considered  a part  of  tlie  Upper  CoLoj-ado  drainage,  is  included  in  the 
Green  River  Eubregion  but  does  not  contribute  to  or  deplete  Colorado  River 
waters.  Summriries  of  stream  depletions  computed  oy  tyjjes  of  use  for  each 
state  and  subregloii  arc  shown  in  Tables  1 and  2. 

rXplanatory  notes  on  so.me  water  uses  shown  in  Tables  1 and  2 and  de- 
scription of  the  present  status  of  related  items  of  water  quality,  health 
factors,  and  flood  control  follow. 

Municipal  and  industrial 

Tabulated  uses  include  basic  municipal,  rural  household,  industry, 
and  evaporation  of  2,300  acre-feet  from  30  municipal  reservoirs. 

Thermfii- electric  power 

Water  was  consumed  principally  for  condenser  cooling  purposes  at  10 
plants  with  a total  generating  capacity  of  1.^4  million  kilowatts. 

Fish  and  wildlife 

About  6,700  acre-feet  was  consumed  by  111  fish  facilities  and  5,000 
acre-feet  for  10^4  wildlife  facilities.  Evaporation  from  water  areas  was 
computed  only  on  those  installations  constructed  and  utilized  prinuarily 
I’or  fish  and  wildlife. 


Recreation 

The  computed  total  was  based  upon  a rate  of  gallons  per  recrea- 
tion day  for  56  million  recreation  days  of  use.  No  reservoir  has  recrea- 
tion as  a dominant  purpose  except  fish  and  wildlife  facilities  discussed 
prev iously. 


Stock-pond  evaporation  and  livestock  use 

Average  annual  evaporation  from  22,035  man-made  stock  ponds  with  wa- 
ter surface  area  of  l4,600  acres  used  primarily  for  livestock  water  was 
23,900  acre-feet.  Livestock  use  by  approximately  1 million  animals  (in 
cattle  units)  was  11,000  acre- feet. 

Irrigation 

Consumptive  use  on  1,621,500  acres  of  Irrigated  cropland  was  1,697,300 
acre- feet  for  '965  average  conditions  and  cropping  pattern.  Consumptive 
use  rates  were  computed  on  6l  evaluation  ureas  utilizing  the  Blaney-Crlddl.e 


1 


10 


FART  TT 


RELATFR  LA.T> 


O"'  V/A'^?  A!F' 

:svELci-:^i-.:rr 


TnLli'  1 - Viiit 

► r uses 

by  . * a* • . , 

: . iji.p". 

r ; rfi'j 

.5,  K- ' -r. 

Or.-site  deple* 

io)  s i ac. 

'ti-i'-'  •'!’  us.. 

A f ■ z :’na 

CoIa  rail  ) 

ii'  w 

U'.ni 

_ . ’ *1  . 

Kun i 0 i fxi  1 Mini  i r.'iur  ‘ r ' al 

1,500 

15.900 

;■  ,*^00 

.oa 

: ,600' 

27.-0'. 

Kl<.*ctrl'*  p'' w- r (thermal) 

3,200 

1-  . ^00 

i . <>0 

. . <oc.> 

2'-, 200 

Mi nerals 

- 

16,900 

1.600 

9, '<00 

1.80C' 

3'-.70t 

B'Lsh  and  -.''.Idi'ff 

6oo 

2,700 

1*00 

7.900 

100 

ii.700 

R»:cr'  a*  : nu 

StCfjk-pind  rvap.  .rati  on  ana 

700 

100 

.300 

200 

1,  :00 

llvi-st.ock  use 

1,100 

20,700 

2.1*00 

6,200 

1*.  OC' 

-00 

Jubt 

Irr 

3,200 

^C.IOO 

22,200 

?0, 1.00 

t 6,600 

132,200 

Consumpt.lve  use 

14.1*00 

991 , 300 

76.000 

1*01*. 1*00 

221,200 

1,697. -oo 

Inf'iflHn*al  use 

500 

198.700 

15.000 

81,000 

20,1*00 

’1'  ,600 

Reservo;r  evaporation 

2,000 

27,100 

:1, roo 

■0,200 

2 • . 9C’C 

ilu.vOC 

T'-Wil  !rrlt!atIori 
Export 

Div»-rs  ’ o!ifi 

Reservoir  evaporation 
Less  wa*er  import 

fuPOO 

1.217.100 

1*17.100 
12 . 300 

122 . 700 

515,600 

10>},'-j00 
11.1*  00 
(2,600) 

265.500 

2, 127.800. 

526,600 

23,700 

(2,6001 

Subtotal  of  all  above 
Main-stem  res-  rvoir 
evaporat  Lon 
Rep;lon  total 

lo.loo' 

' 1,7o6,&)0 

Dn*,900 

OtJ* , 000 

282,100 

2.807,700 

a.  . ..cr 
3,^50,700 

Table  - Wat 

er  uses  lij'  subre,i;ion 

s,  1965,  Uppi 

r Col 'rad ^ Rt,>'i  >n 

'r.- 

.si'e  de;  le‘ ic 

:,s  In  acre-roe^ 

IVpe  f use 

Gr*^*en 

River 

II:  p'-r 
'■fciin  Gt**m 

Gar.  Jun.'i- 
Col'ir-vi  •* 

Region 

total 

Municipal  and  industrial 

7,900 

12.300 

7,200 

27.1*00 

Klectric  p..ve-r  ('h.-nnal) 

6.300 

1,600 

1'.  ,30c 

23.200 

Minerals 

17,200 

11.900 

i*,600 

33.700 

Fi Eh  and  wildl i fe 

8,000 

1.300 

2,1*00 

11,700 

Re;Teatior» 

500 

500 

30c 

1,300 

StO'-k-pond  evaporut  l')n  and 

livestock  Uje 

1-. -00 

11,200 

10,1*00 

-'!*.  *0C 

Sufct  'i’  al 

53,200 

38,80c 

1*0.200 

132.200 

Irrifr’at  Ion 

Consumptive  us-- 

662,1.00 

71*  7, '*00 

287. '■'00 

1.697.300 

Ineldental  use 

113,600 

167, ’00 

31*.  700 

315.600 

Reservoir  evapurat 1 in 

1*2,1*00 

16,900 

55.0OO 

111*,^ 

To^al  i rrl  p;a*^  i oil 

818,1*00 

931.^ 

377.800 

2.127.800 

KxfK.irt 

D1  versions 

109,500 

1*  ll* , 600 

2.500 

526.600 

Rr*nervr><  r »'vapr*ra^  1 '■m 
I/.*8S  water  imp^r* 

11 .1*00 

12,300 

(2.600) 

23.700 
(2, 600) 

Subtotal  of  all  above 

992 . 500 

1,397.300 

1*17,900 

2.A07.7OO 

■Main- stem  reservoir 

‘•vapora^  i on 

67,000 

576,000 

t.1*  t.CKK) 

Re»f!,)n  total 

1.059.500 

1.397,300 

O')’ , 900 

3. 1*56. 700 

n 


PART  II 


PRPJSi'OT  :?TATOR  OF  WATI3I  AI;D 
RUJVTID  LAUD  DLVEI.OPMi'UT 


method  and  latest  avaiJabie  data  on  Local  seasonal  crop  coefficients.  Ad- 
justments were  made  to  reflect  present  average  short  water  supply  on 
^1*9,300  acres.  Also  there  were  12t,i+00  acres  idle  or  land  not  irrigated 
in  the  average  year. 

Incidental  use  on  water- consuming , noncropped  areas  was  estimated  on 
those  areas  which  consumed  water  incidental  to  the  cropped  lands  as  a re- 
sult of  the  practice  of  irrigation.  Incidental  use  represents  I8.6  per- 
cent of  the  consumptive  use  by  irrigated  crops. 

Reservoir  evaporation 

Evaporation  from  3-1-5  I'eservoirs  (other  than  main  stem)  was  computed 
for  1965  normal  operation  find  total  138,600  acre- feet.  Estimated  evapo- 
ration from  regulating  and  exchange  reservoirs  used  in  connection  with 
export  was  23,700  acre- feet  of  the  above  total. 

Evaporation  loss  from  main- stem  regulating  resei*voirs  (Flaming  Gorge, 
67,000  acre-feet,  and  Lake  Powell,  576,000  acre- feet)  for  1965  normalised 
conditions  was  6^3,000  acre-feet.  It  should  be  noted,  however,  that  these 
evaporation  losses  will  be  charged  against  the  separate  states  only  if 
curtailment  of  use  is  required  in  the  Upper  Colorado  River  Basin  to  make 
delivery  required  by  the  compact  at  Lee  Ferry.  The  percentages  of  evapo- 
ration to  each  state  would  then  be  as  follows;  Colorado,  51 •75;  New 
Mexico,  11.25;  Utah,  23.0;  and  Wyoming,  ii*.0. 

Water  exports 

Transmountain  diversion  records  for  39  oi’  the  currently  operative  fa- 
cilities were  analyzed  to  reflect  I965  average  export  ol’  water  from  the 
region.  Normalized  1965  discharge  by  22  diversions  in  Colorado  was  17, 100 
acre- feet  and  by  I7  diversions  in  Utah  was  109,500  acre- feet. 

Diversions  in  Utah  of  109,500  acre- feet  were  to  the  Great  Basin  Re- 
gion. Colorado  diversions  were:  353,^00  acre- feet  to  the  Platte  River 

(Missouri  Basin  Region),  60,600  acre- feet  to  the  Arkansas  River  (Arkansas- 
White-  Red  Region),  and  3,100  acre- feet  to  the  Rio  Grande  Region. 

Water  imports 

Inflow  to  the  region  through  a transmo\intain  diversioii  from  Uevier 
River  in  the  Great  Basin  Region  to  the  Paria  River  averages  2,600  acre- 
feet.  This  represents  a credit  against  local  use  within  this  region. 

Water  quality 

The  quality  of  the  surface  and  ground  waters  is  generally  good  in 
all  three  subregions.  Very  good  (juality  is  to  be  found  at  the  head  of 
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streams  near  the  mountain  divides.  Degradation  of  chemical,  physical, 
and  biological  (Quality  is  evident  as  streams  progress  downward,  result- 
ing from  hydrologic,  geologic  and  iran-made  influences.  Pollution  prob- 
lems of  virtually  every  form,  althougli  generally  limited  in  magnitude, 
rmiy  oe  foimd  in  the  region. 

Salinity  is  a major  water-quality  problem  particularly  in  the  lower 
part  of  the  Colorado  River  Basin.  The  principal  effect  of  salinity  in- 
creases on  uses  in  the  Upper  Colorado  Region  will  be  confined  to  limited 
itreas  generally  in  the  lower  reaches  of  the  stream  systems.  Galt- loading: 
and  salt- concentrating  effects  of  consumptive  use  or  depletion  are  the 
primiiry  causes  of  salinity  increases.  Of  the  present  total  salt  burden 
at  Lees  Ferry,  it  is  estimated  that  50-60  percent  of  the  salts  are  derived 
from  geologic  diffused  sources,  25-^0  percent  from  irrigation  return  flows 
9 percent  from  mineral  springs  and  other  geologic  point  sources,  and  1 per 
cent  from  municipal  and  industrial  waste  water  effluents. 

The  Colorado  River  I'rom  below  Grand  Junction,  Colorado,  downstream 
to  Lee  B’erry  has  an  average  TDS  concentration  varylig  between  about  5^0 
mg./l.  'and  700  mg./l.  The  Green  River,  except  for  the  Flaming  Gorge  Res- 
ervoir area,  and  the  Gan  Juan  River  do  not  exceed  500  mg./l.  of  dissolved 
solids  as  measured  on  a long-term  average.  Tlie  concentrations  of  dis- 
solved salts  in  some  tributary  streams  are  considerably  higher. 

Drainage  from  abandoned  and  active  mines  is  a problem  in  portions 
ol‘  the  Upper  Main  Gtem  and  Gan  Juan-Colorado  Subregions.  This  drainage 
eliminates  about  120  miles  of  stream  fishery.  Stream  poliutioii  from  dis- 
charges of  radioactive  mill  wastes,  formerly  severe,  has  in  most  cases 
been  reduced  to  acceptable  levels. 

Suspended  sediment  concentrations  and  loads  vary  widely.  Sediment 
in  some  stream  reaches  has  historically  beeti  detrimental  to  consumptive 
uses  of  water  as  well  as  to  fisheries  and  recreation. 

Inadequately  treated  effluents  from  waste  water  treatment  works  have 
caused  depressed  oxygen  levels,  potentially  hazardous  coliform  bacteria 
densities,  overproduction  of  algae,  and  other  deleterious  effects  in  rminy 
short  reaches  of  streams. 


Health  factors 

Various  environmental  health  problems  exist.  Ll>ldemiological  data 
suggest  that  for  potentially  waterborne  diseases  the  incidence  rate  is 
2. 5 times  that  for  the  rest  of  the  country. 

Watersheds  primarily  intended  for  public  water  supplies  are  being 
used  more  and  more  by  man  for  other  purposes,  thereby  making',  them  even 
more  susceptible  to  pollution  and  contamination.  Water  supplies  vary 
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'.-mi'jeratdy  in  bacteriolccical  and  chemical  juaJity.  Based  on  avail- 
•.in'.e  dala.  it  is  estimated  that  20  percent  ol'  the  population  di’inks 
wtitcy  that,  does  not  receive  nde  piate  treatment. 

Improper  disposal  of  solid  wastes  can  result  in  hazardous  environ- 
."lentai  nealth  conditions.  A recent  survey  Tound  that  of  the  dispos-al 
sites  prL'Sently  in  opeu-ation  30  percent  had  surface  drainaiye  problems, 

13  percent  had  leaching  problems,  and  1.  percent  were  placing  wastes  in 
t.he  water  table.  Only  ^4  percent  could  be  considered  as  adequate  sanitary 
landfill  operations. 

Radioiogicai  problems  could  pose  a health  threat  unless  measures  are 
tckeii  to  safeguard  against  them.  Potential  radiological  hazards  associ- 
ated with  urajutrm  tailing  piles  are  pi’esentiy  under  study.  Airborne 
transport  of  particulate  I’adioactive  matter  and  construction  of  buildings 
on  tailing  piles  which  emit  radon  gas  are  recent  problems  which  have  be- 
co.me  of  concern. 

Aiir  pollution  problems  are  scattered.  Tliere  are  a number  of  indus- 
trial plants  in  rural  areas  that  have  associated  air  pollution  problems 
such  as  the  cement,  sugar,  ali'aifa  mills,  and  the  wood  product  plants, 
with  their  burners  and  open  burning  of  wastes. 

Flood  control 

There  were  few  flood  control  measures  in  196 ‘3.  There  were  no 
perrrkunent- type  levee  and  chajinel  projects.  Temporary  channel  improve- 
ments had  been  accomplished  at  several  locations,  tisrough  the  use  of 
Federal  e.mergency  i'unds,  In  anticipation  of  flood  flows  and  to  restore 
channels  destroyed  by  floods.  Storage  for  flood  control  consisted  of 
2,100  acre- feet  in  three  headwater  detention  reservoirs  and  1,218,000 
acre- feet  operated  on  a flood  forecast  basis  in  four  water  conservation 
storage  reservoirs.  Land  treatment  measures  had  been  installed  on 
9,292,000  acres  of  watersiied  area  for  multiple  purposes,  including  flood 
prevention  and  sediment  control.  A summary  of  the  I965  programs  in  oper- 
ation for  flood  control  Is  given  in  the  tabulation  on  the  following  page. 

There  were  IO5  reservoirs,  each  with  a storage  capacity  of  1 ,000 
acre- feet  or  more,  having  a combined  storage  capicity  of  nearly  8 million 
acre- feet  (excludiiig  Lfike  Powell).  Beneficial  effects  on  the  region's 
flood  problems  have  been  substantial  althoiigh  flood  control  operation  is 
incidental  to  other  uses. 
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Subregion 
and  State 

Maximum  flood 
ag,e  in  1,000 
Singie- 
purpose 
reseiarolr 

control  stor- 
acre- feet 
Multiple- 
purpose 
reservoir 

Watershed  treat- 
ment areas  in 
1,000  acres 

Green  River 

Colorado 

0 

0 

1,967 

Wyoming 

0 

0 

1,227 

Utai! 

0 

0 

2,508 

Suoreglon  total 

0 

0 

5,702 

Upper  Main  Stem 

Colorado 

2.0 

17 

1 ,638 

Utah 

0 

0 

179 

Subregion  total 

2.0 

17 

17^17 

San  Juan- Colorado 

Colorado 

0.1 

165 

693 

Utah 

0 

0 

368 

New  Mexico 

0 

1,036 

611 

Arizona 

0 

0 

101 

Subregion  total 

0.1 

1,201 

1,773 

Region  total 

2.1 

1,218 

9,2^2 

Summary  of  1963  Uses 

AiinoGt  every  acre  of  Land  in  the  region  is  presently  used  I'or  some 
activity.  On  most  areas  there  are  several  concurrent  uses.  The  multiple 
land  use  for  1965  as  shown  in  the  following  tabulation. 


1965  Land  Use — 1,000  Acres 


Cropland  and  pasture 
Irrigated 
Dry 

1,622 

603 

Wilderness,  natural,  his- 
toric, and  cultural 

2,636 

Livestock  grazing 

eo,uu2 

Developed  mineral 
production 

37 

Timber  product iorti/ 

9,419 

Developed  I’ish  and 
wildlife 

299 

Urban  and  industrial 

331 

Military 

lli+ 

Transportation  and 
utilities 

59B 

Classified  watersheds 

258 

Developed  recreation 

VI. 

Water  area  < 40  acres 

it05 

T/  Economic  Subregions- - other  figures  Hydrologic  Subregions. 
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Other  extensive  uses  include  general  wildlife  habitat , nonspecific 
recreation,  such  as  driving  and  viewing  for  pleasure,  greenbelt  areas,  and 
others.  The  region  thus  had  almost  every  acre  contributing  to  the  welfare 
and  economy  of  man.  New  uses  can  be  added  to  or  substituted  for  present 
uses. 


A brief  description  of  the  principal  uses  supplemented  by  approjiriate 
tables  follows. 


Irrigated  cropland 

There  were  1,621,500  acres  of  land  irrigated,  mainly  used  to  produce 
feed  to  support  the  livestock  industry.  The  feed  produced  was  hay,  both 
grass  and  legume  mixtures,  alfalfa,  small  grain,  and  irrigated  pasture.  In 
certain  locations  cash  crops  such  as  sugar  beets,  malting  barley,  feed 
barley,  grain  corn,  dry  beans,  vegetables,  and  fruits  were  produced.  Some 
of  the  grains  were  sold  or  used  as  feed,  in  keeping  with  the  individual 
land  operator's  needs  and  desires.  There  were  about  124,400  acres  idle 
and  not  irrigated  in  the  average  year  for  a variety  of  reasons. 

Table  3 indicates  the  distribution  of  the  principal  irrigated  crops 
by  subregion.  Total  lands  under  irrigation,  including  idle  for  the  five 
states  of  the  region,  are  as  follows; 

1,000  acres 


Arizona 

10.9 

Colorado 

9i4.0 

New  Mexico 

52.9 

Utah 

332.6 

Wyoming 

311.1 

Total 

l,&'l-5 

Dry  cropland 

There  were  603, 400  acres  of  dry  cropland  in  the  region.  The  major 
crops  were  hay,  pasture,  and  wheat.  The  other  most  prominent  crop  is 
pinto  beans,  grown  mainly  in  the  Dan  Juan-Colorado  Subregion.  Acreages 
of  specific  crops  by  subregions  are  shown  in  Table  4. 

Livestock  grazing 

About  60,442,000  acres  of  land  were  grazed  in  1965,  although  only 
54,624,000  acres  of  this  total  were  considered  suitable  for  this  use.  The 
difference  represents  the  land  not  considered  suitable  for  grazing  under 
proper  management.  Data  concerning  rangeland  livestock  grazing  are  sum- 
marized on  page  19- 
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TabL«v  3 ■ Crip  d i a*  r ibut  ion  oii  irrigated  acrea-^e, 
1965,  Upper  Colorado  Region 


Croi'- 

Hvdrol 
Gi-een 
River  N' 

ot^ic  sub rer. ions 
Upper  Cvin  Juan- 

lain  Stem  Colorado 

Region 

(acres ) 

Ux^'V*jS  ) 

(acres ) 

(acres ) 

Hay 

Alfalfa 

109,200 

127,^00 

61,700 

298,300 

Other  hay 

Improved 

50,000 

40,000 

12,000 

102,000 

Hat ; ve 

16: , : 00 

8: ,800 

11,400 

2;,  8,500 

Subtotal 

322,500 

251,200 

^5,100 

658,800 

Past  ure 

Rotation  ( c r op  l?i  nd  ) 

116,300 

88.900 

42 , 100 

247,300 

Perniiinent  (non>-ropiand ) 

116,200 

89,000 

42 , 000 

247.200 

Other  (nori'-ropland ) 

6: , 100 

; . . 000 

4',  .700 

163,800 

Subtotal 

295, nOO 

232,900 

129, 800 

658,300 

C rn  silage 

'i',700 

18,300 

11.700 

37,700 

peed  grains 

Oat  s 

9,200 

l’,200 

4,800 

27,200 

Riirley  fex'-lude  M ravlan) 

1'5,800 

3,700 

5,900 

24,400 

Corn 

600 

lj,400 

2.200 

16,200 

.'ubt  )tal 

2'. , ’OO 

30.300 

12 , 900 

1V.800 

nth'  r grains 

iitrlr-y  (M  'ravian) 

0 

15 , 000 

0 

15,000 

'//Iieat 

( ,200 

000 

7,400 

1'  ,500 

Subtotal 

7,200 

15/900 

7,400 

30.500 

Other  -rops 

Orciiard 

500 

14,700 

3,100 

18,300 

C.ugar  beets 

1,700 

9,800 

0 

11,500 

Dry  beans 

0 

8,100 

500 

8,600 

Truck  crops 

300 

1,800 

1,800 

3,900 

Potat'-ies 

100 

900 

(’00 

l.'fOO 

Subtotal 

2,600 

35,300 

6,100 

44,000 

Id  1 e land 

52 , 100 

Kn 

0 

0 

37,800 

124,400 

Total  irrigated  acre-s 

712,300 

618,400 

290,800 

1,621,500 
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Table  U - Crop 

19^5, 


distribution  on  dry  cropland, 
Upper  Colorado  Region 


Hydrolog i c subreg 

ions 

Crop 

Green 

River 

Upper 
Ma in  Stem 

San  Juan- 
Colorado 

Region 

(acres ) 

(acres ) 

(ai;res ) 

(acres  ) 

Forage 

Hay 

Cropland  pwt store 

31.500 

26.500 

10,000 
i ,400 

12,200 

27,20c 

53,700 
: 9, 100 

Subtotal 

'58,000 

15,400 

39,400 

112,300 

Feed  grains 
Oats 

Parley  (I’eed) 

9,400 

12,400 

2,100 

1,600 

900 

1.700 

12,400 

15,700 

Subtotal 

21,300 

3,700 

2,60c 

28,100 

Other  grains 
Wheat 

56,600 

8,200 

89,800 

154,600 

Other  ','rops 
Dry  bearjj 
Miscellaneous 

400 

3,300 

400 

03 

0 0 
0 0 

122,000 
1 .200 

Subtotal 

400 

3.700 

il9, 100 

123,200 

Idle  land 
Fallow 

Te-mporarlly  idle 
Conservafon  use  ;)iily 

45,000 

600 

8,600 

7,900 

1,000 

'.,:00 

62,900 
10,800 
: • . 700 

n‘^,800 
12.400 
4‘  ,600 

Subtotal 

54,200 

12,200 

107,400 

17?V^’00 

Tillage  rotation  total 
Formerly  cropped 

191. , 000 

•',3,200 

2,000 

"35^,300 
8.' 00 

592,500 
10.  ' »0(1 

Total  tillage  potential 

191 , 000 

•4;.,  200 

1^^7,200 

ij03'.Voo 
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n tpMnr-  OF 


nt)pfr  Colora<^o 

ntiSe"-  S:p.est  thc^sana) 


Gi-pc^  t^r’  2', -,219, 000 

gra-.'ir**:.  (acre.) 

suitable  area  25,971,000 

for  era-iaE 
Foraca  availal'c 

under  proper  u.*-  2, 9b?  ,000 

(AUl'.’s)  . j, 132 ,000 


LI, 809,000 

10,361,000 

1 45'-  ,000 
1,642,  00 
186,000 


21,414,000  60, 44:-, 


18,292,000 


1 ,520,  '0(- 

l,59l,'- ■''' 
7];  ,000 


54,624 -000 


5,938, 

6,36,8, 

43'-  , 


crrr«.6y^"'^'“ 

rrovth  ^hich,  conservatrb^.^^  ®^ution  or  over- 

^rov.d,h  which,  rl 

, ,r„.  ot  comorclal  cLner^l^l  W»l= 

ol  board  IMd  o =Aoi,-2>°- 

contained  pb-  „ River-- 16,3,  ^^y^uv-vested  from  c 13  saw 

treaKdc^..  TUdor  ".S'c  feet,  »t“'7\:\'S(cr  rs  =°«- 

fTln  ?9®  OM'd'W"  to  53  'J,  98  f'l'a  ° bbroelon  foUO«- 

land  million  board  feer;  y,ercentacefa  ay 

wood,  ■'■ac  ■'"^in^tTes 


e,,itirer3oa_ 

Green  ^^1'^^’^,,,  _ 
Upper  Main  otem 

"S  doaibColorado 
Region 


Urban  and  indu.tr  la  -inductria-i  de- 

of  land  were  uaed  'larger  center  of 

^J’Te  rrSeot  r„coPtrdU“"  »ro».d 

veiopment  with  the  g 


19 


PAKl’  II 


PRKPi'OT  :TAIUS  of  WAim  ANL 
RMATl-D  DhVEr.OPKJ-TiT 


population  sucli  an  (k’arifi  Junction,  Colorado,  and  Farmln^jtoi' , Now  Mexico. 
Tills  acrea^'e  was  divided  Into  l?0,0t)U  acres  in  tiie  Green  River  Subregion, 
1^6.000  acres  in  tlie  Upper  Main  Ctem  Cubreglon,  and  65/100  a^.-rer  in  tiie 
P^an  Ju;ui- Colorado  Subregion. 

Transpoi’tat  ion  and  utilities 

Approximately  59^,000  acz’os  of  land  were  used  for  transportation  and 
utilities.  Tiiese  were  divided  as  follows:  267>000  acres  in  the  Green 

Rivei-  Subregion,  227.000  acres  in  the  Upper  Main  Stem  Subregion,  and 
It  ’i.OOii  acres  in  the  iian  Juan-Colorado  Subregion. 

Recreation 

Practically  all  of  the  public  land  and  most  of  tiie  private  lands 
were  used  for  some  Kinds  of  recreation.  These  lands  were  divided  between 
developed  and  undeveloped  acres.  Developed  acres  include  campgrounds, 
picnic  areas,  shelter  areas,  overlooks,  lakeshores,  and  others.  Undevel- 
oped lands  include  extensive  use  areas.  TTie  totals  include  71-jOOO  acres 
of  developed  land,  J39>000  acres  of  water  and  marsh,  and  hQ ,000  acres 
of  undeveloped  land.  Subregion  distribution  for  developed  la.-ud  is  Green  ' 
River- -18,000,  Upper  Main  Stem-- 31  >000,  and  lian  Juan- Colorado- -22, 000 
acres.  A further  breakdown  of  developed  and  undeveloped  land  and  water 
Is  indicated  below; 


1,000  acres 


Reci'eation  Classes 

Land 

Water  and 
marsh 

Total 

I 

High-density  recreation  areas 

1 

- 

1 

11 

General  recreation  areas 

189 

95 

284 

III 

Natural  environment  areas 

45,791; 

239 

46,031 

rv 

Outstanding  natural  areas 

993 

5 

99B 

V 

Primitive  areas  (wilderness) 

l,4l4 

- 

l,4l4 

VI 

Historical  and  Cultural  sites 

22'i 

- 

229 

Regional  totals  (all  classes) 

IrTT^ 

339 

48,957 

Wilderness,  natural,  historic,  and  cultural 


Five  wilderness  areas  and  six  primitive  areas,  with  a total  of  about 
1,2>8,000  acres  of  national  forest  Lands,  were  included  in  the  wilderness 
system  created  in  1964.  Some  ?9,000  acres  of  Indian  lands  are  set  aside 
as  wilderness  ari-ac  by  resolutions  of  Indian  Tribal  governing  bodies  and 
BlJ^-administered  public  lands,  total ’ng  87,000  acres,  are  classified  as 
wilderness  areas.  These  l,4l4,(X)0  acres  are  important  for  many  compatible 
uses;  e.g. , fish  and  wildlife,  watershed  management,  recreation,  and  graz- 
ing. Outstanding  natural  areas  and  historical  and  cultural  sites,  total- 
ing 1,227,000  acres  of  land  and  water,  will  have  some  restrictions  on  use. 
Recreation  classes  IV,  V,  and  VI  total  2,641,000  acres,  including  land  and 
wal er . 
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Mi  rierais 

Developed  mineral  Lands,  totaling;  y( ,000  acres,  are  those  used  for 
strip  mining',  shaft  mining,  oil  wells,  /--as  installations,  mill  buiidiri^s, 
and  others.  Tliese  areas  were  distributed  by  subregions  as  follows: 

Green  River--9,000,  Upper  Main  Gtern-- II  ,000 , and  Gan  Juan- Co  Lor  ado- - 
I'fjOOO.  Nearly  all  lands  are  open  to  exploration. 

Fish  and  wildlife 

The  acreage  in  use  by  fish  and  wildlife  is  generally  accepted  as  al- 
most the  total  in  the  region.  There  were  29^,000  acres  of  developed  fish 
and  wildlife  lands.  A large  part  of  this  acreage  is  in  big  game  manage- 
ment areas  which  generally  comprise  range  and  forest  la.nd  resource  types 
and  are  subject  to  multiple  uses,  particularly  grazing.  In  ;iddition,  over 
400,000  acres  of  water  provided  fish  and  wildlife  habitat  of  which  about 
350>0o0  acres  were  available  for  public  hunting,  fishing,  or  the  noncon- 
sumptive appreciation  of  these  natural  resources.  About  hi. 2 million 
acres  are  classified  as  key  habitat  for  game  and  other  wildlife;  i.e., 
habitat  which  must  be  preserved  in  quality  condition  to  maintain  wildlife 
populations. 


Military 

These  were  lands  used  for  military  camps,  firing  ranges,  mineral  re- 
serves, and  other  installations,  totaling  11^1,000  acres.  Military  use 
permits  for  special  exercises  may  occur  on  additional  lands. 

Classii’led  watersheds 

Watershed  area  classified  was  258,000  acres  used  for  special  water- 
shed purposes.  These  are  city  or  urban  water  supply  areas  specifically 
managed  for  protection  and  improvement  of  water  quality. 

Water  areas 

iiiere  were  405,000  acres  of  land  covered  by  water  in  lakes  and  res- 
ein/oirs,  each  {greater  than  40  surface  acres.  Tliis  compilation  represents 
full  pool  level  on  the  resei-voirs. 


Summary  of  L965  Land  Ownership  and  Administration 

Nearly  two-tiiirds  of  the  Land  area  was  in  public  ownership  under  Fed- 
eral and  State  aflministration.  The  remainder  was  privately  owned,  with 
slightly  more  than  half  of  this  in  ownerships  by  individuals,  corpora- 
tions, or  local  govermnents  and  the  remainder  in  Indian  Tribal  or  indi- 
vidual ownerships  held  in  trust  by  the  Bureau  of  Indian  Affairs.  Tlie 
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approximate  dlntr Lbutlon  of  Land  ownerships  is  summarized  on  the  mp  and 
fitaire  followlnc  page  22  and  in  Tables  and  6. 


Cummary  of  Lands  by  Coll  Class 

ntrihing  dil’l'erences  in  land  forms,  relief,  ^xirent  material  , and  ell- 
mate  wifnin  short  distances  have  produced  intricate  soil,  patterns.  "oil 
pAatterns  have  detennined  present  agricultural  development  and  will  influ- 
ence llie  ultimate  potential  to  be  reached. 

Mountainous  parts  of  the  region  are  dominated  by  soils  on  steep 
slopes  that  have  gravel,  cobble,  or  stone  scattered  tlirough  their  pro- 
files. Moderately  deep  and  shallow  soils  formed  over  igneous,  metaraoi’phlc , 
and  sedimentary  rocks  are  typical.  Deep  soils  within  the  mountains  are 
mainly  restricted  to  small  parks,  colluvial  slopes,  and  narrow  alluvial 
valleys . 

Foothills  bordering  the  lower  mountain  slopes  and  canyons  dissecting 
the  plateaus  are  characterized  by  high  proportions  of  shallow  soils  and 
rock  outcrop.  Short,  steep,  and  irregular  slopes  are  characteristic  of 
the  landscapes.  Most  of  the  shallow  soils  are  over  sandstone  or  shale  and 
there  are  prominent  exposures  of  bedrock.  Deeper  soils  are  confined  to 
scattered  alluvial  fans  and  benches  along  the  drainageways. 

In  the  valleys  and  on  the  broad  mesas  there  are  long,  smooth  slopes. 
They  ai’e  occupied  by  deep  and  moderately  deep  soils  that  have  formed  in 
alluvial  deposits,  residual  materials,  and  wind  deposits.  Tliese  deeper 
soils  are  dominantly  loamy  or  clayey  and  have  Uie  pliysical  characteris- 
tics needed  for  successful  agricultural  production. 

Approximately  V[,^l'^,00o  acres  within  the  region  have  soils  suitable 
for  irrigated  agriculture,  incLudin^i  l,6k'l,5uu  acres  that  are  presently 
irrigated.  Within  this  vast  acreage,  however,  inai.y  soil  areas  are  ex- 
cluded from  consideration  for  Irrigation  because  of  constraints  imposed 
by  size  and  location. 

It  is  estimated  that  there  are  10,823,000  acres  ol'  soils  within  the 
region  that  have  physical  characteristics  suitable  for  dryfarming.  Tnis 
acreage  of  suitable  soils  must  be  I’urther  reduced  thou^’h  because  some 
areas  are  presently  irrigated  and  others  have  precipitation  that  is  too 
low  for  profitable  crop  production. 

Table  7 shows  the  d isti’ibution  of  irrigation  soil  classes  by  states 
and  subregions.  The  general  soil  map  following  page  26  delineates  broad 
map  units  witiiin  tiie  region. 
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LAND  OWNERSHIP  AND 
ADMINISTRATIVE  STATUS,  1965, 
UPPER  COLORADO  REGION 


PART  II 


PRKSm'  GTATU3  OF  WATER  AND 
REIATED  TV\ND  DI'?/ PT/JPMFI'IT 


Table  5 " I>tind  ownership  and  administrat.ion  status 


by  states, 

Upper  Colorado  Region 

Ar  i - 

Colo- 

New 

Wyo- 

zona 

rado 

Mexico  Utah 

ming 

Total 

(thousands  of  acresT 


Public  Sector 


Dopjirtment  of  A^'ri culture 

Forest  Service 

6 

8,410 

165 

3,616 

1,330 

13,327 

Department  of  Interior 

Bureau  of  Land  Manage- 

ment 

261 

6,840 

1,357 

12,656 

7,861 

28,975 

Bureau  of  Sport  Fish- 

eries and  Wildlife 

0 

1 

0 

10 

12 

23 

National  Park  Service 

&k 

340 

21 

410 

0 

855 

Bureau  of  Reclamation 

0 

26 

9 

83 

45 

163 

Other  USDI  agencies 

0 

1 

. 113.  . 

0 

0 

113 

Subtotal 

3^5 

7,207 

1,501 

13,158 

7,918 

30,129 

Department  of  Defense 

0 

55 

0 

59 

0 

Il4 

Other  Federal 

0 

26 

0 

0 

0 

26 

Total  - Federal 

351 

15,699 

1,666 

16,834 

9,048 

43,598 

State 

22 

465 

254 

1,864 

951 

3,556 

Private  Sector 

Private,  county,  and 

municipal 

12 

7,666 

4l6 

2,890 

3,366 

14,350 

Indian  Trust 

4,036 

732 

3.882 

2,060 

0 

10,730 

Total  land 

4,421 

24,582 

6,218 

23,648 

13,365 

72,234 

Water  (areas  > 40  acres) 

12 

86 

l6 

203 

88 

405 

Total 

4,433 

24,668 

6,234 

23,851 

13,453 

72,639 
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PART  II 


PREGEfJT  STATUS  OF  VATER  AND 
REI/.TED  LAND  DWINTIPMENT 


Table  6 - I/md  ovs'uership  and  administration  status 
by  subregions,  1965»  Upper  Colorado  Region 


1 

i 

I 

I 

I 

J 


? 

i 


Green 

River 

subregion 

Upper 
i>1ain  Stem 
subregion 

San  Juan- 
Colorado 
Gubre/'i  on 

Regi on 
total 

(thousands  of  acres) 
Public  Sector 

Department  of  Agriculture 

Forest  Service  4,424  6,2l8 

2,685 

13,327 

Depjtrtment  of  Interior 

Bureau  of  Lfind  Management 

15,227 

5,293 

8,455 

28,975 

Bureau  of  Sport  Fisheries 
and  Wildlife 

22 

1 

0 

23 

National  Park  Service 

288 

296 

271 

855 

Bureau  of  Reclamation 

116 

16 

31 

163 

Other  U3DI  Agencies 

0 

0 

113 

11' 

Subtotal 

15,653 

5, 606 

8,870 

30,129 

Depfirtment  of  Defense 

59 

55 

0 

114 

Other  Federal 

0 

26 

0 

26 

Total  - Federal 

20, 137 

11,905 

11,556 

43,598 

State 

2,091 

4l6 

1,049 

3,556 

Pr  1 vat  e , c ouri  ty , and 
municipal 

Pr'vat.e  Sector 

7,921 

4,380 

2,049 

14,350 

Indian  Trust, 

853 

. 9.877 . 

IO..730 

Toial  land 

31,002 

16,701 

24,531 

72,234 

Water  (areas  > 40  acres) 


Total 


l4l 

31,143 


^ 

16,764 


201 

24,732 


405 

72,639 


PART  II 


B-CPEl'in'  LJTA1U3  OF  WATER  AND 
KI'iATKD  LAND  DLVKLOPf-liOT 


Table  7 - Estimated  acrea^3;e  of  irrigation  soil  classes, 
Upper  Colorado  Region 


Irrigation  soil 

class 

Nonirri- 
gation 
soil  class 
E 

Total 

A 

B 

C 

D 

Total 

A-D 

[Th 

ousands  of  acres) 

Green  River 

Colorado 

66 

736 

426 

714 

1,942 

4,811 

6,753 

Utah 

79 

290 

2kh 

188 

801 

10,083 

10,884 

Wyoming 

1,206 

1,812 

120 

2,327 

5,465 

7,900 

13,365 

Uubtotal 

1,351 

2,83  s 

790 

3,229 

8,208 

22,794 

31,002 

Upjjer  Main 

Stem 

Colorado 

ii*3 

1,052 

693 

2,040 

3,928 

10,200 

14,128 

Utah 

26 

105 

83 

22 

2i6 

2,334' 

2,573 

Subtotal 

169 

1,157 

776 

2,062 

4 , 164 

12,537 

16,701 

San  Juan- Colorado 

Arizona 

k] 

265 

285 

162 

753 

3 ,668 

4,421 

Colorado 

19 

796 

39 

559 

1,4L3 

2,288 

3,701 

New  Mexico 

74 

1 ,070 

787 

589 

2,520 

3,698 

6,218 

Utah 

21 

i</i 

L55 

9i 

4yi 

J,734 

10,191 

Subtotal 

155 

2,321 

1,266 

'1 ,40] 

5,l43 

19,388 

24,531 

Region  total 

1,675 

6,316 

2,832 

6,692 

17,515 

54,719 

72,2j4 

Irrigation  soil 

classes : 

A - 

None  to 

sligiit 

soil  limitations. 

B - Moderate  soil  limitations. 

C - Cevere  soil  limitations. 

D - Very  severe  soil  llmitatiotis. 
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PRKU'OT’  OTATUS  OF  WATM^  AIID 
lU-IATW  LAND  DFVfXOFMi'OT 


Ttie  tabulation  of  soilo  according  to  irrigation  soil  class  is  tjased 
on  charUk'teristics  that  Influence  suitability  for  sustained  use  under  ir- 
rigation. irrigation  soil  classes  provide  a base  for  conversion  to  irri- 
gation land  classes  througii  application  of  further  constraints  related 
primarily  to  their  occurrence  in  economical  size  units  and  consideration 
of  land  and  water  development . 


Stiromary  of  iMnd  Use  by  Land  Resource  Group 

I.and  resource  groups  by  states  and  subregions  are  summarized  in 
Tables  8 and  9,  and  vegetal  cover  is  shown  on  subregional  maps  follow- 
ing page  28  to  indicate  the  intrinsic  suitability  of  the  area  for  use. 
The  categories  of  urban  and  barren,  although  not  vegetal  in  nature,  are 
included  to  complete  the  totals  for  the  tabulations.  Vegetal  cover  data 
are  presented  to  make  the  distinction  from  present  land  use  and  to  indi- 
cate the  use  potential  of  the  land. 

Tables  10  and  11  summarize  the  present  land  uses  by  land  resource 
groups . 
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PART  II 


PRESENT  SI'ATUS  OF  WATER  AI'fD 
Ri'lLATED  LATD  Dr,VEI/;PM]-:!rr 


Table  8 - Ijarid  resource  groups  by  states, 
1965,  Upper  Colorado  Region 


Land  resource  groups 

Ari- 

zona 

Colo- 

rado 

New 
Mexi CO 

U i ah 

Wyo- 

ming’; 

Total 

(thousands  of  acres) 

Alpine 

0 

1,048 

0 

85 

196 

1,329 

Forest 

Coniferous  forest 

99 

5,146 

319 

2,097 

634 

8,295 

Hardwood  forest 

2,296 

10 

718 

158 

3,182 

Pinon- juniper  woodland 

746 

4,198 

1,440 

6,008 

179 

12,571 

Mountain  bmish 

2,31^ 

2 

845 

172 

3 , 33.3 

Subtotal 

845 

13! 954 

1,771 

9, 668 

1,143 

27,381 

Range 

Grass  and  forbs 

1,635 

1,578 

2,908 

2,554 

866 

9,51*1 

Northern  desert  shrub 

187 

4,483 

994 

3,105 

8,881 

17,650 

Salt  desert  shrub 
Southern  desert  shrub 

1,109 

200 

897 

379 

4,400 

1,647 

8,432 

1,877 

Subtotal 

3,‘L3l 

7,J4o 

4,281 

11,^6 

11,391+ 

37,500 

Cropland  and  pasture 

11 

1,613 

69 

555 

324 

2,572 

Urban 

19 

l64 

20 

80 

85 

368 

Barren  and  other 

412 

718 

54 

1,584 

ro 

0 

2,973 

Water  (areas  ^ 40  acres) 

3 

37 

23 

30 

18 

111 

Total  land 

4,421 

24 , 582 

6,218 

23,648 

13,365 

72,234 

Water  (areas  > 40  acres) 

12 

86 

16 

203 

88 

405 

Total 

i+,433 

24,668 

6,234 

23,851 

13,453 

72,639 
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PREGKOT  3TATU3  OF  WATER  AITD 
RELATED  LAND  DI-L/ILLOPMENT 


Table  9 ~ I-ifi-nd  resource  group  by  subregions, 
Upper  Colorado  Region 


Green 

Upper 

San  Juan- 

River 

Main  Stem 

Colorado 

Region 

Liind  resource  group 

subregion 

subregion 

subre,'ion 

total 

Alpine 

(thousands  of 

acres ) 

805 

170 

1,329 

Forest 

Coniferous  forest 
Hardwood  forest 
P;non-,iuniper  woodland 
Mountain  brush 
Subtotal 

Range 

Grass  and  forbs 
Northern  desert  shrub 
Sail  desert  shrub 
Southern  desert  shrub 
Subtotal 


Cropland  and  pasture 

970 

828 

774 

2,572 

Urban 

156 

132 

80 

368 

ILarren  and  other 

630 

1,419 

2,973 

V/ater  (areas  dAO  acres) 

h2 

16 

53 

111 

Total 

31,00s 

16,701 

24,531 

72.234 

Add i t i ona 1 wa  t e r 
(areas ^ UO  acres) 

147 

63 

201 

405 

Total 

31,149 

16,764 

24,732 

72.639 
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Tabl«  10.  L«nd  use  region  and  Green  River  Subregion,  WnS,  I'pper  Colorado  Region 


PART  II 


PRESENT  STATUS  OF  WATER  AND 

re:lated  land  development 


Note:  Horizontal  totals  nay  exceed  the  total  land  area  because  of  overlapping  uses.  Extensive  uses  such  as  incidental  recreation 
flshinn.  huntlnit,  and"  wildlife  habitat  are  not  identified  In  this  table.  Timber  production  acreage  for  economic  subregions. 


Land  ua«  • pp«r  Main  Ste«  an<*  San  Juan-Colora«to  SuhreiUon,  Upper  Colorado  Region 


PAKT  IT 


PPECENT  STATUS  OP  WATEP  AND 
RELATED  LAIJD  DE'/ELOPt^;NT 


Id, 000  surface  acres  of  water  such  as  streams  less  than  1^8  mile  vide  and  lakes  or  reservoirs  less  than  40  acres. in  Upper  Main  Stem  Subregion; 
53,000  acres  in  San  Juan-Colorado  Subregion. 


PART  111 


ffiGIONAI-i  UT3'';DS  and  Dl'MAIlDG 


llie  f-gi.'ruil  needs  and  demands  are  based  primarily  on  the  regi  :>nal 
interpretati  n of  the  OBlKi  projections  for  the  time  frames  of  I98O, 
2000,  atid  2020.  Principal  indices  incrlude  product.lon  of  assigned  agri- 
cultural and  industrial  commodities  within  the  region  and  development 
of  resources  meet  demands  generated  in  adjacent  areas.  Major  items 
to  respoi.d  t.>  demands  from  outside  the  region  include  the  pr-'iductlon 
of  meat  animals  and  timber  products,  mining  and  processing  of  minerals, 
generation  f hydro-  and  thermal-electric  power,  and  further  develop- 
ment f facilities  at  scenic  and  recreational  sites  to  accommodate  the 
large  numbers  f visitors  who  look  to  the  region  as  a desirable  vacation 
area . 


Studies  of  needs  and  demar.ds  were  based  in  part  upon  the  March  1968 
OHE  population  data  as  these  were  the  only  projections  available  when 
detailed  studies  started.  Adjustment  was  made  by  adding  the  hydrologic 
area  of  Arizona  contained  in  i.he  Upper  Colorado  Region.  Table  12  shows 
a summary  of  tiie  population  projections. 

Table  12  - P(5pulatl  ^n  estimates.  Upper  Colorado  Region 


Subregion 
and  states 

196b 

17«0 

2000 

2020 

March 

1968  OBE  projections 

with  Arizona  portion  added 

(Economic  subre/'.ions 

other  than 

Arizona ) 

Green  River 

100,579 

107,100 

124,400 

151,20c 

Upper  Main  Stem 

136,725 

142,900 

171,400 

204,200 

San  Juan-Colorado  128,72'^ 

176,200 

241,900 

324,800 

Region 

366,029 

426,200 

537,700 

&0,200 

Arizona 

29, 100 

41,700 

52,300 

64,300 

Colorado 

186,450 

205,400 

252,800 

313,900 

New  Mexico 

46, 600 

65,000 

95,000 

125,000 

Utah 

65,100 

74,500 

94,100 

124,100 

Wyoming 

38,779 

39,600 

43.500 

52.900 

Region 

366,029 

426,200 

537,700 

680,200 

Major  demands  exist  outside  the  region  for  water  produced  within 
the  Upper  Colorado  Region.  A large  amount  of  the  available  water  is 
committed  to  dowristream  delivery  or  transferred  to  the  Great  Basin,  Mis- 
souri, Arkfinsas-Whlte-Red,  and  Rio  Grande  Regions  under  terms  of  the 
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PART  ITl 


REGIONAL  NEFDS  AND  DH/AirOG 


■■  impftft . treaties,  atiN  laws  whi-h  govern  the  •poratior:  -G’  the  Col  'rarl  ' 
River  system. 

This  part  it. eludes: 

(1)  Ciumnry  estimated  -writer  needs  ir.  terms  T’  i -site  depletions 
:‘r  ^m  the  stream  system,  in'-luding  the  t ransmountain  diversions. 

(2)  Related  land  needs  summary'  where  data  were  available  in  quanti- 
tative terms. 

(3)  Etununary  requirements  :f  imajor  functions. 

Water  Needs  ir.  Terms  of  On-site  De;  let  ions 

Ry  the  year  2020  there  would  be  v.-site  depleti -.n  needs  f 6.55  mil- 
li  .1,  acre-feet.  The  largest  consumptive  use  need,  whi<iiis5C.  5 percent  - f 
the  total  in  2020  >r  3.29  millism  acre-feet,  is  for  irrigated  crops, 
associated  seeped  and  phreatophyte  areas  incident  to  irrigation  and  irri- 
gation reserV'iir  evap-'ratiot. . 

Other  water  needs  in  2020  are  in  muni'-lpal  and  Industrial  -water 
supply  (1.3  percent),  minerals  (0.8  percent),  augmented  fish  and  wild- 
life and  recreati-'-n  (l.i^  percent),  sto<-k-pond  evaporation  and  livestock 
use  (0.9  percent),  and  thermal-electric  power  generation  (9.7  percent). 
About  1.65  milli-n  acre-feet  r 25-3  percent  >f  the  2020  depletion  -would 
be  exported.  Main-stem  regulating  reservoir  evaporation  wuld  account 
for  10.1  percent  t 660,000  acre-feet  of  depletion.  Taole  13  presents 
strerun  depletions  for  the  five  states  and  three  subregions  by  types  of 
needs  f -r  I98O,  2000,  and  2020. 

It  -wfts  agreed  that  the  year  2020  depletion  distributions  would  re- 
flect the  states'  percentages  showr.  in  the  Upper  Colorado  River  Basin 
Compact . 

Explar;atory  notes  m these  wat-  r depletiotis  foil.  w. 

Municipal  and  itidustrial 

Depleti  ms  by  domestic,  manufacturing,  governmental,  conmiercial,  and 
other  rc-laied  purposes  i’or  2020  total  110,100  acre-feet,  with  appr 'xiimtte 
cat  eg  .r/  use  as  follows:  dimestic  - 1+3,100  acre- feet,  manufacturing  - 

12,700  acre-feet,  g. .vernrnental  - 8, 8OO  acre-feet , and  commercial  - 1+5,500 
a'-r<  -fci-  ^ . 

Tliermal -electric  pow-r 

The-  2020  water  depletion  by  steam--.-le(-tr ic  generati  vi  plants  is  es- 
tinuited  at  62-6,600  act-  -feet.  Principal  '-  uisumpti ve  use  is  for  c-oudenser 
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x''ART  III 


KEfllOIJAL  NEEDP.  AIID  Dirn'IDr 


eooljnf^  purp’at-C.  P'W->r  prodUL-ti  ni  by  2020  by  stales  ar.i  f r the  regi'ia 
is  ’:-sl  imateb  as  I'll'-ws:  AriZ'Mia  - 2,310  tW,  0 <1  rarLi  - 16,9T6 

Mexico  - 7.123  MV/,  Utah  - 5,759  f-W.  '■ly  miaf  - 9,913  , Regi  mi  - t2,03l  : 

MiiK-rals 

Pr'Jections  'f  mineral  pr'tiucli  a.  totaling  .$2,011  milli  •.  vouH  de- 
pleti;  ab.'Ut  52,800  acre-feet  of  water. 

Augraente'l  fish  arid  wildlife 

The  pr  'jeeted  consumptive  use  comjirises  127,100  a'-re-feet  from  the 
fish  a.'-'l  wildlife  facilities  which  will  be  required  ■*  sat  isfy  future 
demand.  This  t.otal  represents  11,700  acre-feet  of  depleti  uis 

occurrit.g  it.  I965  plus  amounts  of  88,000  acr'  -feet  needed  f .r  -waterfowl 
and  27,700  acre-feet  needed  for  fish  by  the  year  2020  (Table  26'.  The 
consumptive  use  is  based  on  depleti. tns  from  51,200  siurface  acres  f 
facilities  intended  primarily  for  fish  and  wildlife.  It  is  reasor.able 
to  suppose,  h wever,  tliat  multipm’p.ise  facilities,  not  ye’  plannei  -r 
authorized,  ...ay  become  available  to  meet  part  of  this  future  demand. 

Water-supply  restrictions  bused  on  • impact  lunitations  for  those 
part.s  of  Arizona  and  New  Mexico  in  the  Upper  Colorado  Region  will  be- 
c ime  a truajor  problem  in  attaining  the  futiu”e  development  needed  in  this 
part,  of  the  regi-vi.  F .r  the  purpose  f this  study,  fish  and  wildlife 
-,ra.ttir  need  at  the  year  2020  has  beer,  reduced  from  12,200  a>u'e-feet  t.-' 
1,200  acre-feet  for  Arizona  and  f r -im  '-f,300  a--re-feet  t ' 6,800  a. -re-feet 
for  New  Mexico  (Table  13).  There  may  be-  a possibility  of  -btainlng 
additional  water  in  future  years  thr 'Ugh  ’he  rec  immitmerit  f unde’/el.'ped 
-water  or  the  purchase  and  transfer  -f  wii.cr  -l-  vcl  'ped  f r 'ther  purposes 


Rf.-.-r.-iit;  . 


The  am  iunt  of  c msumpt,  i'/o  wnt>.-r  rc-cd  l.n  2020  w -uld  be  5,200  a'-re- 
feut,  most  of  whlcti  would  b'-  us'-i  nt  ass  '-luted  service  fuciljties.  Tire 
rate  . f consumptive  use  w 'uld  b'-  7-7  gall 'ns  per  n,-creat  i 'i;  day  for  the 
pro.Jected  236  million  re'-reati.m  days  by  2020,  'f  wlii'-h  less  than  3 per" 
cer.t  W' -uld  be  by  resider.ts  -d’  ttie  r"gi  -it-. 

Utock-pond  evap  rat  i'ln  .and  livost "-k  use 

■Ut- '-k-piind  '-vap' 'ration  fr 'm  38,000  man-made  .U  '"k  p 'r.ds  in  2020  is 
estimated  to  be  4l,000  acre-feet  annually.  Livi.>sL-'ck  water  use  by  2020 
computed  at  10  gallons  per  day  per  animal  unit  for  1.6  million  cattle 
anirmil.  units  is  estim/ited  to  b,-  l8,000  acre-feet  . 

Irrigat ion 

On-sit,e  'lepletl on  by  2020  on  U.lop  million  acres  'f  irrigated  erop- 
iar.il,  incidental  ur.e  .>n  wat er-consimii ng  non.-r 'pped  ar'-as,  ai.d  irrigation 
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■■■  rv  : r <-v;ip  rat  w-iuld  t.'tal  3-29  million  acre-feet  annually.  Ari 
i:  Ti  aL','-  ab 'ut  500,600  acren  cf  new  full  supply  cropland  would  be 

!'•  [ufi’ed  between  19'’'^)  and  2020  t.o  meet  feed  atid  food  production  projec- 
' ! : . . Of  the  5^9)300  a'-res  'f  presently  short  supply  land,  421,100 
oc  w'uli  need  r.upplemental  witter  to  obtain  full  production. 

Trriy.'iti  'll  c 't.stunptive  use  by  2020,  including  supplemental  '.niter, 

'uld  total  2,707,000  acre-feet.  Irrigation  reservoir  evap'^ration  -rfould 
b‘-  ab  ut  187,000  acre-feet.  Incidental  use  is  estimated  to  increase 
from  tli,i-  present  315>600  ai-re-feet  (18.6  per''ent  'f  the  total)  to  about 
•‘00,000  a' 're -feet  (l4.8  percent)  by  2020. 

Exp''rt  by  transmountain  diversions 

Wat(  j'  export  needs  generated  by  adjacent  regions  total  I.65  million 
a'-re-feet  of  water  by  2020.  V<yoming's  export  of  185,000  acre-feet  'would 
be  t ■ tile  urban  areas  of  Cheyenne -Laramie  and  to  the  North  Platte  River. 

C l.  radi  w uld  export  883,000  acre-feet  t 1 the  Fi'rt  Collins-Denver- 
Co'lrrad  . Cpririgs  area  for  municipal,  industrial,  and  agricultural  use 
and  t ' tile  Arkansas  and  Rio  Grande  systems.  Utah  would  export  467,000 
acre-feet  to  the  Great  Basin  for  municipal,  industrial,  and  agricultural 
use.  New  Mexico  would  expert  110,000  acre-feet  to  the  Ri  ' Grande  by  I980 
a:,il  an  additional  7,500  acre-feet  for  municipal  use  at  Gallup,  I'Ocated  in 
th'-  Liwer  Colorado  Region. 


Import 

A small  import  from  tlie  Great  Basin  to  the  Parla  River  is  expected 
t''  remain  at  the  present  level  of  2,600  acre-feet  annually. 

Main-stem  reservoir  evaporation 

Evap' ration  loss  in  2020  from  the  five  roEiin-stem  regulating  reser- 
voirs (l/ike  Powell,  Flaming  G'.'rge,  Blue  Mesa,  Morrow  Point,  and  Crystal) 
f r ti'  rm/il  -'peratitig  conditions  would  be  660,000  acre-feet  annually.  It 
sin  uid  be  noted,  ii'iwevcr,  that  evaporation  losses  'would  only  be  charged 
agaiiiSt  the  separate  states  at  such  time  as  curtailment  of  water  deliv- 
'•ries  (because  .f  compact  provisions)  is  required  in  the  region. 


Land  Needs  Summary 


The  regional  needs,  including  I965  use  for  land  resources,  summa- 
rized by  principal  latid  use,  are  shown  in  Tiible  l4. 
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Table  ih  - Multiple  land  needa  - regionally 
interprn'ted  OBERP  level  if  devel  'pment  , 
Upper  C.'l  'rad  ■ Regi  m 


: rind  pal  usely' 

1'6 

I'.-r'O 

2000 

Change  19' -5 
2020  to  2020 

(th  >U3i 

ands  of  a^Tes) 

Cropland  and  pasture 

Irrigated 

] ,622 

1,794 

1,954 

2,122 

+500 

Dry 

603 

572 

532 

503 

(-)IOO 

Lives!  ick  grazing 

60,442 

55,958 

54,691 

53,380 

(-)7,062 

Timber  pr  eduction 

9,419 

9,351 

9,266 

9,194 

(-)225 

Urban  and  industrial 

331 

356 

403 

471 

+l40 

Tran  sport  at  Ivin  and 

ut i lities 

598 

632 

703 

788 

+190 

Developed  recreatiiin 

71 

140 

273 

506 

+435 

Devel  iped  fish  and 

wildlife 

299 

393 

450 

508 

+209 

VildertiCss,  tiatural,  his 

torlc,  and  cult  viral 

2,636 

(£ 

See  narrative) 

Devel'iped  mineral 

pr  'duct ion 

37 

71 

103 

178 

+14 1 

Military 

114 

114 

ll4 

Il4 

0 

Classified  watersheds 

CO 

Lf\ 

CVJ 

262 

268 

271 

+13 

Water  (area  ■>  40  acres) 

405 

482 

493 

514 

+109 

]y  Multiple  uses  of  the  land  are  made  in  most  categories  shown. 


Irrigated  cropland 

Th'-re  were  1,621,500  tujres  of  irrigated  land  in  196b.  It  is  est.i- 
ma' ed  fhat  an  increase  of  500,600  acres  to  total  of  2,122,100  acres  of 
irrigated  land  w .uld  be  re'quired  to  meet  regional  nei.ds  by  tin'  year  2020. 
An  addiri  iial  86,800  acr'-s  "f  new  land  will  be  requir'd  to  replace  irri- 
gated larid  divert, ed  'o  otiier  uses. 
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Dry  ••fopland 

Thei’i.-  w r-;  603,'t00  acres  of  dry  cropland  being  farmed  in  I965.  I'- 

is  <-sf  imated  that,  approximately  100,000  acres  of  dry  '-ropland  would  be 
required  for  nC’W  irrigated  land,  urban,  and  other  uses  by  2020.  Dry 
cropland  acreage  would  decrease  as  there  are  virtually  no  new  areas  that 
tire  considered  suitable  for  dryfarmir.g. 

Livest(x:k  grazing 

Livestock  grazed  84  percent  or  60.4  million  of  the  72.2  millioii  ac- 
res of  land  in  1965.  Grazing  should  bo  ret.ired  on  about  5.8  million 
acres  of  UTiSuitable  land.  Approximate!;^'  I.3  million  acres  of  the  remair.- 
ing  acreage  would  b'.-  required  for  ot.her  uses  under  th"  RI  0BER3  ar.d  the 
r’-maining  53*4  million  acres  would  be  needed  for  livestock  grazing.  This 
need  would  rujt  be  for  exclusive  use  except  in  isolated  instances  or  for 
short  pt.  riods  of  * im' • . 


"fimber  production 

Pre.sen*  ‘ imber  production  of  kj. 8 million  cubic  feet  should  be  in- 
creased by  292.2  million  cubic  feet  annually  by  2020  al‘ hough  projections 
indl'-a’c-  c.mmer'- ial  forest  acreage  would  be  reduced  u minimum  of  225,000 
ac  nr. 


Urba.'.,  industrial,  transportation,  and  utilities 

Futur"  land  ne<'d  for  expansion  of  urban  and  industrial  uses  would 
requ’r-.-  140,000  a'-res  and  transportation  and  utilities  uses  would  require 
about  190,000  a'-r'-s  by  2020. 


Rei.-reation 


i.xpansion  of  d<-V'.l''p'/d  n.creat  ior.al  facilities  to  accaimmodate  an 
increase  .d’  I69  millioi.  recreat.ion  days  would  require  435>000  more  acres 
of  lar.d  by  2020.  Recreation  use  on  almos'  all  other  lands  would  be 
greatly  int-nr.!  f ied  . 


Developed  fish  and  wildlife 

Fishing,  and  hun*  ing,  facili'iei;  would  be  needed  on  an  additional 
209,000  acres. 

Wi  Id'.-rriess,  n.a'ural,  historic,  and  cultural 

The  2,636,000  acres  rep  rted  fo.r  these  cat.i  gories  include  all  tireas 
in  the  region  that  w re  di'signfitt.-d  in  the-  Wilderness  A'-t,  Tribal  and  BIA! 
l.'iTids  that,  are  iiuir-aged  in  accordance  wlt.ii  the  iiitent  of  this  leglsltition, 
and  areas  presently  ri..u;  igiia*  ed  as  iiavlng  significant  natural  features,  or 
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with  historlr  or  cultural  importance.  These  needs  apply  only  to  recrea- 
tiorial  Classes  TV,  V,  and  VI  lands. 

Nee'ls  for  additional  lands  to  be  managed  for  this  purpose  have  not 
been  projected,  even  though  many  more  acres  still  exist  that  have  this 
P'Ccntial  bu’  have  not  yet,  been  officially  designated.  It  must  be  recog- 
nized that  these  areas  are  diminishing.  Wilderness  areas  are  espci.-ially 
unique  because  they  are  difficult  to  recreat.e  once  their  pristine  nature 
has  been  altered.  Increased  wilderness  areas  are  desirable  and  will  be 
required  t.o  meet  regional  and  national  needs.  Studies  at  an  early  dat'- 
are  needed  to  iden‘ ify  outstanding  natural  wilderness  areas  and  to  Ittegrat/ 
riese  into  the  wilderness  system. 

Developed  minerals 

Land  requirements  would  increase  from  37)000  to  178,000  acres. 


Mi litary 

Military  and  related  land  use  was  assumed  to  remain  at  t,he  I965 
level  throughout  the  1^6^^-2020  period. 

Classified  watersheds 

Land  numaged  for  watershed  protection  totaling  258,000  acres  are 
used  primarily  for  municipal  water  supplies  and  will  probably  remain  at 
this  lev'l.  A specific  requirement  of  13,000  acres  for  flood  control 
structures  was  included  in  this  category. 

Water  areas 

About  109,000  additional  acres  would  be  required  for  the  construc- 
tion of  200  new  re-servolrs . These  reservoirs  include  90  for  irrigation, 
9 for  export  regulation  and  exchange,  3 for  thermal-power  generation, 
about  30  for  municipal  and  industrial,  and  over  100  for  fish  and  wild- 
life. Most  reservoirs  are  multipurpose.  An  additional  11,000  acres  of 
small  water  areas  (less  than  40  acres  each)  would  be  developed. 


Summary  Requirements  of  Major  Functions 

Requirements  to  meet  projected  needs  generated  by  regionally  inter- 
preted OBERS.  are  discussed  by  various  functions. 

Mineral  resources 

Important  mineral  resource  developments  through  I98O  probably  will 
be  confined  to  the  c )mm'xlitles--p<itroleum,  uranitun,  coal,  molybdenum. 
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and  ‘ronn.  Subsequent  to  that  period,  ‘he  mineral-oi'mmodi  ty  mix  bec-jme;j 
m;'r»-  eon  j'.-f  t ural . Molybdenum  and  *rona,  having  both  a strong  reserve 
t'o'.'t  jj.g  and  premise  of  coiitinued  market  st.rengtii,  seem  assure  1 of  I'ltig- 
‘crm  '■■rdcrl^'  grow  h in  out  pir  . Petroleum,  uranium,  and  d/al  pi-'.)bably 
would  1 iminate  the  mineral-fuels  mix  througiiuiit  th<-  period.  Phosptiate 
and  potash  outpu*  should  increase  substantially  aftf-r  I9B0  nri(],  •og-’‘her 
with  molybdenum  and  trona,  should  nonstit-ute  the  Inilk  m''‘al  aiid  nonmetals 
pr.dtiction.  Oil  shale  and  other  synth'’*  ic  fuel  developments  w>.- re  not  pr:- 
,)ect>  d as  neeiis  under  RT  OBERS. 

Value  of  mineral  pro<iuct.ion  in  ‘he  region  is  expect. ed  to  increase 
sharply  from  $5^3  million  in  I965  1.0  $2,0lU  million  in  20i;0.  Water  needs 
are  projected  to  increase  from  33,700  to  5P,800  acre-feet  by  2020.  An- 
ticlpat.ed  land  requirements  exparid  from  37,000  to  178,000  a<‘res,  a signi- 
ficant 381-percent  upturn.  These  land  requi  rem'^'n*' s include  th>'  surface- 
mining  spoil  areas. 

Value  of  mineral  production  for  base  year  I965  and  projections  for 
1980,  2000,  and  2020  follow: 


Value  of  mineral  produc’ion 
(thousatid  19>8  dollars) 


Subref-ion 

l9nt 

198c 

2000 

2020 

Green  River 

217,600 

500,200 

783.900 

889,40c 

Upper  Main  Stem 

137,800 

565,300 

575,000 

587,500 

Seiri  Juan-C  lorado 

187, 1^00 

467,200 

^2:,,  600 

tjY.OOO 

Upp<;r  Colorado  Region 

3k2,O00 

1,532,700 

i,8-,500 

2,bi-.,‘00 

Estimat.es  of  mineral  industiy  land  use  in  base  year  I965  and  I98O, 


2000,  and  2020  are  listed 

below: 

Mineral  Industry 

land  use  ( 

'acres) 

Subregion 

. 19.65_ 

1980 

2000 

2020 

Green  River 

8,560 

13,050 

24,050 

27,800 

Upper  Main  Stem 

11,620 

12,630 

14,680 

15, -470 

.San  Juan-C  olcrado 

16,600 

44 , 980 

64,040 

114,660 

tipper  Colorado  Region 

3^,7fio 

70,660 

102,770 

117,930 

Land  use 

There  are  72*2  million  acres  of  land  within  the  region,  most  of 
wtilch  have  scxne  problems  associated  with  ‘heir  use.  These  problem.s  and 
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;;ug^’f-sted  solutiono  are  discussed  subsequently.  Needs  are  f-xpressed  by 
(.’eneral  land  use  categories. 

Projectiori  of  production  requirements  for  livestock  products  ‘o  be 
supported  by  the  land  base  is  summarized  in  Table  I5.  Table  I6  lists 
the  pr  jected  production  of  hay,  pasture,  silage,  grains,  and  other  crops 
from  irrigated  land;  TabLe  17  shows  the  productioii  from  nonirrigated  land 
and  range  for  *he  projected  time  frames. 

Irrigated  Cropland 

To  meet  regionally  interpreted  OBERS  i;87,^t00  acres  of  new  irrigated 
land  would  have  to  be  developed.  This  represents  5OO, 600-aere  increase 
in  total  wi  t.h  ar.  additional  86,800  acres  t o replace  preserP  ly  irrigated 
landr:  conve-rted  to  ot  tier  uses.  Water  erosion  damage  is  present  on 
67^j,000  acres  of  the  presently  Irrigated  land.  Treatment  prac'ices  re- 
quired to  reduce  erosion  include  proper  izTigation  water  management, 
limited  tillage,  installation  of  WEiter  control  structures,  and  land  lev- 
eling and  smoothing. 

An  •-•stim.ated  5^-*9>300  acrf-s  of  irriga’<-d  cropland  have  a 240,000- 
acr‘  -foot  short  writer  supply  in  an  average  year.  In  addition,  i'  is 
estimated  r ha'  one-half  of  the  pr'-sen'  idle  (62,000  acres)  is  not  farmed 
because  irrigation  water  is  not  avail, able  in  an  average  year.  A de- 
pendable and  adequate  irrigation  water  supply  is  re-quired  to  produce 
m<aximum  yields. 


Irrigated  lands  having 

short  water  supply 

State 

Ac  res 

Ac re -feet 

Creen  River 

Colorado 

4 '.,90c 

17,500 

U-  ah 

101,900 

56,800 

Vfy  zming 

ltl.400 

52.00^- 

Subtotal 

298,300 

127,200 

Upper  Main  Stem 

Colorado 

157,200 

6a, 100 

U-  ah 

4 , 800 

4,900 

Subtot.al 

16;  ,000 

i,8,6f'(' 

San  Juan-C olorado 

Arizona 

3,500 

2,200 

Colorado 

60,600 

20,900 

New  Mexico 

6,300 

■ ev'O 

U*  ah 

18,600 

1 

Sub tot  al 

A' . , 006 

■e.  ..jOO 

R'-gl  )n  total 

5-9,300 

2-10,000 

A 
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Table  15  - 
regionally 


Projected  livestock  products  production, 
Interpreted  OBlTiS  level  of  development , 


Upper  Colorado  Reg:  oni. 


1/ 


Crop  arid 

Amount  in  thousands 

subregion 

Un  it 

~T9^r“ 

1980 

2000 

2020 

Beef  and  veal 
Green  River 

Lbs . 

91,613 

121,628 

159,448 

205,952 

Upper  Main  C.tem 

76,919 

110,663 

152,415 

206,655 

Gan  Juan-Colorado 

"'ft 

4'-, 84',' 

6^78" 

80,308 

Total 

207,ii57 

282,138 

1T5P^S 

492,915 

Pork 

Green  River 

Lbs. 

300 

230 

300 

395 

Upper  Main  Gtem 

1,500 

1,151 

1,502 

1,976 

Gan  Juan-Colorado 

200 

r •- 

200 

264 

Total 

2,000 

1,534 

2,002 

2.635 

I/.unb  and  mul  ton 
Green  River 

Lbs . 

i+5,632 

47,823 

63,456 

83,140 

Upper  Main  Stem 

28,629 

25,751 

34,169 

44,768 

Gan  Juan-Colorado 

13,425 

18,3  94 

24,406 

31,977 

Total 

87,686 

9l,9t>3 

122,031 

159. S85 

Milk 

Green  River 

Lbs . 

111,176 

174 . 096 

226.789 

292 , 794 

Upper  Mil  in  Stem 

54,364 

121,867 

158,752 

204,956 

SJtn  Juan-Colorado 

27,172 

' 2,220 

68,0-7 

87,8-8 

Total 

192,712 

3-8,192 

453,578 

585! 5§5 

Eggn 

Green  River 

No. 

12,213 

14,366 

18,842 

24,520 

Upp'-r  M?iin  Stem 

15,900 

18,719 

24,551 

31,950 

Gan  Juan-Colorado 

7,851 

10,448 

1:,(05 

17,8’.^ 

To''  al 

43,533 

57,09s 

74 . 303 

Farm  chickens 
Green  River 

Lbs. 

150 

285 

360 

477 

Upper  Mfiin  Stem 

196 

371 

470 

621 

•Gfin  Juan-Colorado 

110 

207 

262 

347 

Total 

456 

J^o3 

1,092 

1,445 

Hornes£/ 

Green  Riv'-r 

No. 

18 

20 

27 

37 

Upper  M/iin  Stem 

8 

9 

13 

18 

Gan  Jujin-Colorado 

11 

. . !•( 

Ot, 

--'8 

Total 

37 

^ (’ 

65 

93 

■ P ^RI  OPliHS  and 

OBFRG  as 

pub]  i .shed 

are  t)ie  same 

? Inventor/  of 

horse.s  of 

all  age.s. 

Not.  annual 

production. 
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Tttble  I"  - Projf.-i'ted  product.ion  from  nonirrigated  land  and  range, 
regional!,/  interpreted  OflKRS  level  of  development, 

Upper  Colorado  Region 


Cr.ip 

Unit 

Green  Upper  San  Juaii- 

River  Main  Stem  Colorado  Region 

Year  lydO 

F 'rage 

I lay 

Ton 

32,^37 

10,613  12,950  57,000 

Cropland  pastui’e 

AUM 

29,601 

6,026  30,373  66,000 

Range 

ALIM 

3,079,510  1 

,227,660  2,167,830  6,475,000 

Feed  grains 

Oats 

Bu. 

253,239 

56,546  24,215  334,000 

liar  ley 

Bu. 

337,287 

4', 511  46,202  427.000 

Other  crops 

Wheat 

Bu. 

1,239,981 

179,511  1.987,508  3,387,000 

Dry  beans 

Cwt . 

0 

Year  2000 

17. ''61  625,639  643.000 

Forage 

Hay 

Ton 

35 . 196 

11,172  13,632  60,000 

Cropland  pasture 

AUM 

33,638 

6,847  34,515  75,000 

Range 

AUM 

3,5^3,696  1 

.412,709  2,494.595  7,451,000 

Feed  grains 

Oats 

Bu. 

282,050 

02',  980  26.970  372,000 

Barley 

Bu. 

373,623 

48,199  51,178  473,000 

Other  crops 

Wheat 

Bu. 

1,384,224 

200,393  2,196,383  3,781,000 

Dry  beans 

cvt . 

0 

Year  2020 

18,576  669,424  688,000 

Forage 

Hay 

Ton 

37,542 

11,917  1'i,54  1 64,000 

Cropland  pasture 

AUM 

37,586 

7,651  38,567  83,8oJ+ 

Range 

AUM 

3,645,474  1 

,453,284  2,566,242  7,665,000 

Feed  grains 

flats 

Bu. 

310,104 

69,244  29,652  409,000 

Barley 

Bu. 

409,168 

52,784  56,048  518,000 

Other  crops 

Wheat 

Bu. 

1,528,101 

221,222  2,424,677  4,174,000 

Dry  beans 

Cwt . 

0 

19,764  712,236  732,000 
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Eighty  percent  of  the  1,6g1,500  acrf'S  of  presently  irrigated  Irxnd 
has  a pot, on*  ial  for  increased  crop  yield.  Incre-ased  yields  can  be 
obtained  wi ' h adequate  water  supply,  improved  cultural  practices,  and 
increased  fertilizer  use.  There  is  also  a need  for  wfiter  con*  rol  struc- 
■ur<s,  land  leveling  and  smoothing,  drainage,  and  rehabi lita* ion  of  dis- 
tribut ion  systems . 

Additional  storage,  new  and  enlarged  diversion  systems,  and  mo-asures 
to  improve  irrigation  systems  are  needed  to  provide  water  for  short  water 
supply  lands.  Grouiid  water  may  provide  a small  amount  of  supplemental 
water.  Both  quantity  and  seasonal  distribution  of  the  irrigation  wtiter 
affec'  the  adequacy  of  the  supply. 

Irrigated  cropland  approximating  500  to  1,000  acres  is  changed  to 
utilities,  transportation,  urban,  and  industrial  uses  annually.  Often 
this  change  in  use  affect.s  'he  more  productive,  deep,  well-drained  soils 
on  nearly  level  slopes.  Replacement  in  ‘ erms  of  aggregate  production 
often  requires  an  even  larger  acreage.  The  tabulation  as  follows  S'lm- 
marizes  the  conversion  of  irrigated  cropland  to  other  uses  during  the 
period  19^5  to  2020. 


Logs 

of  irrigated 

cropland,  I965  to 

2020  (acres) 

Inter- 

Abandon- 

To 

state 

Reser- 

ment  of 

fish 

To 

highway 

voir 

present 

and 

urban!- 

right- 

inun- 

irri- 

wild- 

zat ion 

of- way 

dat i on 

gated 

life 

Total 

Green  River 

11,500 

0 

:^,4oo 

13,200 

1,800 

29,900 

IJppc  r Main  Gtem 

15,500 

2,500 

6,000 

8,500 

0 

32,500 

Gan  Juan -Colorado 

15,200 

0 

0 

5‘,200 

0 

24,400 

Regiori  total 

-.2,200 

2,500 

9,s00 

30,900 

1,800 

80, 3(to 

Dry  Cropland 

Approximfilely 

400,000 

.acres  of  dry 

cropland  are  affec teci  by 

maierate 

and  locally  severe 

erosion . 

Reduction 

of  eros 

ion  on  dry 

cropland 

require 

contour  or  cross-slope  tillage,  establishjnent  of  grass  wat.erways,  fall 
'••hiseling  in  areas  of  deep  snow  accumulation,  and  limi'ed  tillage  using 
stubble  mulch  methods.  Rotation  of  cropland  beiw?en  annuals  and  grass 
iviy  or  pasture  improves  the  soil  struct.ure  and  reduces  erosion. 

About  10  percent,  of  t.he  dry  cropland  or  60,000  acre-s  should  be 
stiifted  '.o  sod  crops,  such  as  rotation  hay  or  pasture,  in  order  to  reduce 
erosion  and  lower  pro<iuction  costs.  Tiiis  land  is  in  small  tracts  scat- 
te-re-d  through  large  blocks  of  dryfarm  land.  Most  of  t liese  lands  have 
shallow  soils  and  steep  slopes  but  som"  fire  gravelly  and  stony  or  severely 
erofte-d . 
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Low  crop  yields  are  f-haracterist  ic-  of  approx i m.a‘ e-ly  80  perce.’.l  '..f 
the  dry  cropland  acreage.  Tncre-ases  in  <'rop  yield  n-at.  V)'-  oLtaii.'  d by 
use  of  improved  varif'’ ie-s,  disease  control,  and  adopM  or:  d'  improved 

cultural  prncrt  ices  t,o  conserve  soil  moisture  and  maintain  fertility. 

Nearly  all  dr;/  croplands  receive  low  and  errat  ic  precipitation  dur- 
ing ‘he  growing  season.  Improved  land  manage-ment  t.o  conserve  moisture 
is  desirable.  A ciiange  of  land  use  to  ei'her  rarige  and  pas' ure  lands  or 
to  irrigated  cropland  is  one  solution.  Not  all  dry  cr  ;land  can  be  irri- 
gated due  to  rolling  topography  and/or  steep  slopes.  Ar;  estimated  95,000 
acres  of  di-y  cropland  will  be  irrigated  by  developing  a water  supply  and 
distribui  ion  system.  About  3>000  acres  would  go  to  urban  and  oi.her  uses 
and  2,000  acres  would  be  inundated  by  reservoirs. 

Livestock  Grazing 

The  primary  objective  of  plans  f u'  livestixtk  f rage  production  is  tc, 
meet  the  demaiids  for  output  ot;  a sust.ain' d yi'-ld  basis.  Grazing  use  dur- 
ing the  early  devel 'pmont  period  was  aim  vdi  -llj'  .'-.riented  to  * he-  care 

and  managemern  of  ' h*--  lives'  cck  wi'.h  li''.l-  ^r  no  study  f '-he  character- 
istics of  the  Vegeta' ion  ar;d  ;si:ls  r.  >r  ' h(  <-ffect  of  grttzing  on  t.hem. 
Years  of  overuse  have  had  a:.i,  i-.  m-  c-ases,  : rrv  V' . rsible  effects 

upon  the  prLxluctive  capaci'y  f the  la-.  l.  i Ir.  h-iVe  be-en  exp  sed  to 
erosion,  native  perennial  f rage  plan's  have  re-duced  u-  even  elimi- 

nated, noxious  and  unpala' abli.  iia' ive  and  ev  • j.-  plai.' iiave  increase  l, 
and  ot.her  deleterious  c ..nsequenc. >f  u:.re,-ula' 1 use  h:;V'  '■•.k'  :,  place. 

Correcting  'he  resul' s 'f  this  Sf-quec.c'-  • vc.t  s i Mi-  ral  prd'l-m 

to  be  eyercome  in  order  to  meet  'h"  pr  t)' cted  re  • /j;-,  get'  f rri,-.  nr  «lu'tion 
and  also  ' ' mee'  wts'e  r.'.hed  m.ar.agemefc  -I  > ct  ■;  v t . 

In  the  bas'  year  '.8  mi  Hi  H:  ,aer-.  .f  u;..  ■.  i ' .able  liiiid  ii'  lag 

graze'd . The  f 'rage  removc'l  fr  m ' h>  n-r-  r.  plu.'  verure  g t h'  suit- 
able grazing  lar.ds  totale-d  abeu'  430,000  animal  'u;!'  m ; t h.;  . r ab.'Ut 
6.8  p'-rci.'nt  of  t lie  total  :jii  Hiir  grazed.  Klirair.a' liig  'li'  abuse  ani  plac- 
ing all  grazi.ag  use  on  a sure  .a  ir.ed  yi'.-l;  i'a.;'/.  luld  t-limiria'c  mos'  d’ 
the  adverse  eggea-ts  rronn-  -'eu  wi'li  grtiziiir'  use  a;,d  provide  gor  'lie  re- 
quired pr  ..iuc'.ion  .g  AILi'.  a.-,  .di  ’wn  it.  T; d.'le  17, 

Cori'/eTS i ons  of  grazirig  lari'i  ' , mei.-'  'her  use.'.  ima'-  i as  f 1- 

I'ws:  to  re-creatior;  - 208,000  acf-s;  inundrge.i  by  re/.erve:'.  - 8C,000 

acres,  to  Irriga'eti  - 492,000  jcu''  s;  ' ■ mirieral;;  - 130,000  .a -rr-.  : ' 
fle.rxi  on*  r 1 - 6,000  .a 're.;;  t'  r.ingle-purp'i.a-  fish  a.i.d  wildlife  - 65,000 
acres;  and  to  urbtir.,  industrial,  t ranr'.p' ^r' a • i o;  , .u^d  utili'o;-.  - 244,C>00 
acres . 


Timber  Pr-duct. ; , 


Th  • forest  si'uat.ion  e.-m,  ;,t;a  ui:doul.‘' ed  ly  will,  ciiange  gi'e.a' ly  dur- 
ing the  next  50  yeru's.  It,  !..  qu  L e post.ii'le  ' li.at  -hange.',  'V,'f  ' li  i r.  poi'i.xi 
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vill  be  greater  in  'he  Upper  ColoradM  * iiau  in  any  ■ iier  maj  'r  region  ir. 
the  country.  So  far  the  region  has  been  very  lightly  harvest, ed  fn-r  tim- 
ber production,  even  in  c mparison  vi'h  tiie  M'Untain  St.ates  area  as  a 
vdiolt-,  which  in  t.urri  is  far  below  the  United  States'  averag'  . 

In  projecting  future  timber  supply  and  demand,  ansumptioi;S  as  th’,- 
area  of  forest  land  ‘ha’  would  be  suitable  and  available  for  commercial 
use  are  some  of  'he  most  crit.ical  tind  difficult  of  all  ‘he  assumptions 
that  must  be  made  . One  certain  ass'omption  is  tha’  by  2020  fores*  area 
will  be  less  than  it  is  now.  Agricultur'  , urban  development,  construc-tion 
of  ri.Vids,  powerlines,  and  reservoirs  are  all  expected  to  result  in  some  of 
the  present  commercial  and  none  .immercial  forest  airea  going  to  nonforest. 
These  outright  reduetions  in  forest  area  would  probably  ’nave  less  effect 
on  the  future  timber  supply  than  changes  in  classification  within  ‘he  for- 
est area.  Oince  in  the  case  of  mos'  of  *he  public  lands  ’he  commercial 
forest  area  is  ‘lie  base  for  calcula*  ing  allowable  cu’  , any  rec lassi f i'-a- 
tion  of  'ommercial  area  t<'  noncommercial  will  ‘end  to  .’■••■duoe  ♦ Imber  inven- 
tory, yields,  and  employment.  It  is  prenuiture  to  make  assiimptions  as  t i 
'he  m;tgnitude  of  changes  resulting  frexn  fu*,\ire  reexaminations.  But  i'  is 
quite  possible  that  such  changes  will  result  in  considerably  less  c Jtnmer- 
cial  forest  area  thftn  is  show?,  by  projections  in  this  report.  The  depres- 
sing effect  on  projected  timber  yields  and  employment  could  be  offset  by 
much  more  intensive  management  on  tlie  remaining  lands.  Projections  that 
have  been  nui.de  of  forest  area  show  a reductiot.  of  225,000  acres  of  com- 
m‘-rc-ial  forest  fr^vn  fo  9*19^  million  acres  or  2.4  percen'  . 

The  total  output  to  meet  adjusted  demands  for  ‘ imber  pr-xiucts  is 
projectf.-d  to  rise  from  47.8  million  cubic  feet  in  I965  ’-o  3^0  million 
(sustained  yield  po'ential)  in  2020--about,  seven  times  'he  I965  output. 
Timber  pr-xiuction  is  shown  below. 


Cub re, 'ion 

l-e-e 

2000 

2020 

(thousands  ol‘  oub:*^ 

Green  River 

50,200 

64 , 400 

99,700 

Upper  Main  Stem 

72,500 

125,300 

152,900 

Car.  Juan-GoLorade 

47.700 

yo, 100 

87,400 

Region  total 

170,oC)ti 

2»5 , 800 

340,000 

Urban.  Industrial, 

Trarisportation . 

and  Utilities 

There  would  be  a need  for  about  330,000  acres  of  additional  Itmd 
for  these  uses  by  tiie  year  2020. 

Much  of  the  urban  and  industrial  area  of  the  region  is  troubled  wi ' h 
high  gr  itxnd  water  and  salinity.  It  is  est  imated  t.hat,  47,000  acres  of  tills 
lurid  use  are  presently  affected. 


46 


PAM'  III 


REGIONAL  NEEDS  AND  DEMANDS 


Erosion  is  a problem  on  an  estimated  286,000  acres  of  the  present 
929^000  acres  and  causes  $502,000  average  annual  damage.  Flood  and  sedi- 
ment damage  occurs  on  12,000  acres  in  upstream  watersheds,  causing 
$223,000  average  annual  damages.  Additional  estimated  average  annual 
flotxi  damages  to  main-stem  urban  areas  total  $9^9^000.  Future  urban  de- 
velopment should  be  planned  for  areas  outside  flood  plains  where  feasible 
and  jidequate  waiter  supplies,  reasonable  topography,  and  good  soil  condi- 
tions occur  or  can  be  reasonably  provided. 

Watershed  management 

Watershed  management  seeks  to  maintain  and  improve  the  productivity 
and  environmental  stability  of  the  land  base.  In  order  to  produce  the 
goods  and  services  required  in  an  expanding  economy,  the  demands  upon  the 
resource  base  must  be  met  by  wise  management  and  implementation  of  meas- 
ures designed  to  protect  and  conserve  the  resource  at  'he  new  level. 

This  is  the  task  of  watershed  management. 

Conservation  of  the  environment  and  wise  use  of  the  resources  require 
restoration  measures  including  revegetation.  In  addition  to  providing 
protec* ion,  additional  forage  is  available  for  livestock  and  wildlife  use, 
water  quality  is  enhanced  for  a host,  of  uses,  and  environmental  and  esthet- 
ic quality  are  improved  for  recreation  and  other  uses.  Thus,  watershed 
management  requires  close  coordina'.ion  with  all  resource  production  pro- 
givims . 

Erosion,  flood  and  sediment,  and  fire  are  the  most  significant  prob- 
lems in  terms  of  damage  to  upstretim  watersheds.  Damages  resulting  from 
upstreiim  wa.tershed  problems  are  those  that  occur  in  tributary  areas  of 
250,00c  acres  (400  square  miles)  or  less.  These  ups'. ream  damages  ' otal 
$8.7  million  annually.  Economic  losses  are  attributed  to:  erosion  - 

$6.7  million,  flood  and  sediment  - $1.*»  million,  and  fire  - $0.6  million. 
Table  I8  surrmarizes  problems  and  damages  for  he  region.  The  present 
sediment  yield  rates  indicated  on  the  map  following  page  52  delineate  the 
watershed  sediment  problem  areas. 

Flo<xi  control 

Land  areas  in  the  flow!  plains  of  the  principal  rivers  and  strecuns 
that  need  flood  protection  include  100,000  acres  in  the  Green  River  sub- 
r.gion,  50,000  acres  in  the  Upper  Mfiin  Stem  subregicjn,  and  70,000  acres 
in  the  San  Juan-tiolorado  subregion  for  a regional  total  of  about  220,000 
acres.  There  are  many  thousands  of  acres  in  the  >ipstream  wjitershed  in 
each  subregion  that  need  land  treatment  and  writer  control  measures  for 
the  control  of  florxl  runoff  and  sedimen*  . Nonstructural  flood  plain  man- 
agement should  be  implemented  in  urban  areas  and  otiier  developed  areas  to 
reduce  flo<xi  damages  by  regulat.ing  use  of  flo(xl  prone  lands.  Needs  ex- 
pressed in  terms  of  I'Stimated  future  average  flood  damages,  if  no 
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additional  flood  protection  programs  are  Lnstit.uted  af > or  196^,  are  indi- 
cat.fd  in  the  following  tabulation. 


Subregion 

Average 

annual  flood 

damages 

in  SI, 000 

19^5 

I9H0 

2000 

2020 

Green  River 

998 

1,469 

2,306 

3,558 

Upper  Main  Stem 

1,076 

1,591 

2,512 

3,983 

San  Juan-Golorado 

(18  .. 

..^1?1.  ... 

1,956 

3,010 

Total 

2,T9siy 

4,191 

6,775 

10,551 

T/  Includes  ‘’I.''  million  upstream  flood  and  sediment  damages. 


Irrigation  and  drainage 

Increased  irrigation  is  needed  to  meet  the  growing  demands  for  agri- 
cultural pr'xiucts. 

Field  crop  projections  have  been  modified  to  utilize  available  re- 
sourc'-s  to  produce  livestock  and  livestock  products  to  meet  needs  generated 
by  OBFRo  as  published  (Table  l!l).  The  irrigated  acreages  required  to  meet 
‘he  projected  production  of  these  agricultural  products  are  shown  in  Table 
19.  These  acreages  reflect  the  projected  increases  in  crop  yield  shown  on 
Tab:-  3U. 

Additional  water  will  be  required  for  potentially  irrigable  lands  as 
well  as  a supplemental  supply  for  the  existing  irrigated  areas  which  are 
shcr'-  of  a full  wat-r  supply  (Table  20)  to  meet  the  fui.ure  demands  for 
food  and  fiber.  Water  requirements  per  acre  for  potentially  irrigable 
lands  are  expecte-d  to  be  essentially  'he  same  as  those  for  presently  irri- 
gated lar.ds.  Ctirrent  wftt.er  requirements  reflect  the  wide  variation  in 
cliniat,ic  conditions,  soil  and  topographic  conditions,  irriga*  ion  practices, 
and  the  mix  of  crops  grown,  fince  many  of  t,he  potentially  irrigable  lands 
ar-  iriterspersed  and  adjacent  'o  irrigated  land,  climatic  and  physical  cori- 
ditions  will  be  similar.  Irrigai.e-d  lands  would  continue  to  be  \is-d  prin- 
ci[;ally  for  pr-iduction  of  crops  whieh  support  the  livestock  Indus' ry.  Al- 
th'.ugh  impr-ved  technolofiy  in  tise  of  wfiter  for  irrigated  agriculture  is 
taking  place,  the  eff(x;t  on  the-  water  actually  '-onsumed  by  the  crops  is 
■■xp'-'''.ed  to  be  small  . 

Fstim.ater.  of  irrigation  r'-quir-ments  bused  on  t.he-  tuirrent.  cropping 
pattern  ar*d  a full  water  supply  are  showi:  in  ',he  tabulat  ion  on  page  52. 
Irrigation  re-quif.-raents  rtre  < he  lowest  in  th-  Irigiu-r  ureas  of  the  subrL- 
gic-ns  where-  the.-  gr.-wing  seas-n  is  short  er  arid  t lie  prec  ipltat.lon  greater 
Us  '--mpart-d  -wl  t.h  lands  tit,  lower  elev'tions. 
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Giunmury  of  irrigat  iori  water  requiremeti*  s for  potentially 
irrigable  lands — Upper  Colorado  Region  (consumptive 
use  minus  effective  precipitation) 

(Unit --acre- feet  per  acre) 


Hydrologic 

Composite  crop  irri- 

subrerlon 

gation  reauirement 

Green  River 

0.90-1.61 

Upper  Main  Stem 

1.05-1.97 

San  Juan -Colorado 

1.04-1.97 

Irrigation  practices  and  drainage  requirements  on  newly  developed 
irrigable  lands  will  be  comparable  to  those  now  existing  on  closely 
associated  irrigated  lands  in  the  region.  It  will  be  essential  not  only 
to  provide  drainage  for  newl;y'  developed  areas,  but  also  to  maintain  pro- 
duction on  presently  irrigated  lands  by  providing  canal  lining  and  some 
additional  drainage  works. 

I 

In  addition  to  drainage  already  provided  for  presently  irrigated 
lands,  on-farm  drainage  is  needed  on  436,900  acres  of  presently  irrigated 
lands  in  the  region,  requiring  4,093  miles  of  open  ditches  and  tile  drains, 
as  showri  in  the  following  tabula'  ion. 


Presently  irrigated  acres  needing  drainage 
Uppei-  Colorado  Region 

i 

Drainage 

Presently/' 
i rrigated 
larids 

t 

Hydrologic 

(tile  and 

needing 

k 

subregion 

ditches ) 

drainage 

1 

1 

and  state 

(miles ) 

(1,000  acres) 

1 

1 

Green  River 
Colorado 

215 

23.0 

< 

1 

■.■.doming 

584 

62.3 

•» 

1 

i 

Utah 

680 

7;  .6 

Subtotal 

1,‘79 

157.9 

f 

Upper  Main  Stem 
Colorado 

1,017 

108.5 

• 

Utah 

2:' 

2.t 

Subtotal 

1,04(' 

111.0 

1 

San  Juari-^'olorado 
Arizona 

28 

3.0 

Colorado 

1,378 

147.0 

.1'  w Mexico 

140 

15.0 

Utah 

28 

'.0 

[ Subtotal 

. I.t74 

16^5.0 

Region  t.otal 

•i , 

‘I ' 

I 
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Approximately  1,060  miles  of  project-type  drains  are  needed  also  on 
the  436,900  acres  of  presently  irrigated  drainage-deficient  lands.  These 
types  of  drains  are  installed  as  project,  developments  which  are  not  a 
direct  cost  to  individual  landowners. 

An  estimated  176,300  acres  of  the  new  lands  projected  to  be  devel' 
oped  by  2020  will  need  on-farm  drainage,  as  listed  on  the  following  tabu- 
lation. 


Projected  acreage  of  new  land  development 
needing  on-farm  drainage^/ 

(1,000  acres) 


ilydrologic 
subregion 
and  state 

1980 

2000 

2020 

Total 

Greei.  River 

Colorado 

4.7 

1.6 

1.9 

8.2 

Utah 

2.5 

.3 

4.2 

7.0 

vyoming 

10.5 

12.7 

7.0 

^0.2 

Subtotal 

17.7 

14.6 

13.1 

05.'- 

Upper  tiain  Stem 

Colorado 

18.1 

19.2 

16.1 

53.^ 

Utah 

0 

0 

• /■, 

• ' 

Subtotal 

18.1 

19.2 

16.4 

53.7 

San  Juan-Colorado 

Arizona 

0 

0 

0 

0 

Colorado 

9.0 

12.2 

3.9 

25.1 

New  Mexico 

16.0 

ll.-' 

11.7 

39.1 

Utah 

0 

..5.6..  .... 

7.4 

13.0 

Subtotal 

25.0 

20. 2 

2:^.0 

77.2 

Regiai  '-'.al 

60.8 

63.0 

52.5 

176.3 

T7  ftepre-scnts  approximtitely  30  percent  of  projected  new  land  acre- 


age  to  b>-  developed  for  irrigation. 

An  estimated  1,651  miles  of  drains  will  be  needed  to  provide  on-farm 
drainage  for  '.he  176,300  acres  of  new  land  developed  by  2020.  An  addi- 
ti'.nal  420  miles  of  project-'.ype  drains  are  also  needed  for  the  176,300 
acr«-G  "f  r.'-w  lands. 


Municipal  and  industrial  water 

Ttiere  is  an  ' icn-aslng  need  for  d<jmestic  water  to  satisfy  the  popu- 
lation gri.iwth  of  the  region.  Also,  an  increase  in  per  capita  use  is 
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anticipated,  particularly  by  the  rural  residents  and  its  Indian  popula- 
tion. Manufacturing  needs  for  water  are  estimated  to  increase  in  total; 
iiowcver,  the  projected  growt.h  is  accompanied  by  a more  efficient  use  of 
the  water  supply.  The  watei-  needs  for  governmental  and  commercial  uses 
are  expected  to  increase.  Table  21  indicates  tiie  to* al  municipal  and 
industrial  needs  by  states  and  subregions  for  the  time  periods  ending 
1980,  2000,  and  2020.  Table  22  indicates  needs  in  terms  of  withdrawals 
and  depletions  for  various  categories  of  municipal  and  industrial  uses. 

Recreation 

The  region  contains  resources  that  provide  for  unique  recreation 
opportunities  in  a setting  of  a quality  environment.  Mostly  they  provide 
a base  for  extensive  rather  than  intensive  use  and  are  available  for  other 
uses  that  may  or  may  not  be  compatible  with  recreation.  This  is  evidenced 
by  the  approximately'  49  million  acres  that  were  Inventoried  as  suitable 
for  recreation  use,  of  which  all  but  about  71,000  acres  are  under  multi- 
ple uses.  These  are  essentially  public  lands  under  administration  of  the 
Forest  Service,  National  Park  Service,  and  Bureau  of  Land  Management. 
Another  large  sector  involves  Indian  reservation  lands.  Future  needs  for 
recreation  in  general  require  expansion  of  facilities  within  the  existing 
areas.  Nonresidents  now  account  for  about  97  percent  of  the  present  use, 
while  residents  of  the  region  account  for  the  remaining  3 percent.  It  is 
anticipated  that  future  needs  will  involve  approximately  this  same  pro- 
portionate use.  This  disproportionate  use  by  nonresidents  may  warrant 
consideration  on  how  many  needs  will  or  should  be  met.  The  figure  follow- 
ing  page  56  shown  recreation  demfind  by  subregion  and  time  fraiaes. 

Overall  needs  for  primary-purpose  developed  recreation  land,  unde- 
veloped recreation  land,  and  water  surface  acres  are  summarized  in  Table 
23  and  shown  graphically  on  the  figures  following  page  58.  Due  to  the 
concentration  of  large  amounts  of  water  in  a few  locations,  there  are 
areas  of  local  water  need  even  though  there  is  generally  an  overall  sur- 
plus of  water  acreage . 

r.mall  bodies  of  water  of  up  to  about  5OO  surface  acres  are  needed. 
These  smaller  lakes  usually  offer  far  more  benefits  per  acre,  generally 
are  better  suited  to  meet  local  needs,  and  are  especially  necessary  near 
the  larger  urban  areas. 

The  need  for  protection  and  preservation  of  outstanding  areas  and 
the  maintenance  of  a quality  environment,  overshadows  that  of  providing 
additional  land  and  water  areas  for  recreation.  It  may  also  overshadow 
the  need  for  other  types  of  development  and  resource  use. 

The  continuing  Increase  in  population,  more  leisure  time,  and  dis- 
posable inc'xne  coupled  with  better  transportation  facilities  and  tech- 
nological development  in  recreation  equipment  are  some  of  the  major 


5^ 


-i.  . / 


PART  in 


Rfr.TONAL  WRDS  AflD  DFMArmS 


Table  21  - Projected  municipal  and  industrial  water  withdrawals 
and  depletions,  subregions  at.d  states.  Upper  Colorado  Region 

(acre-feet  per  year) 


1980 

0 

0 

0 

2^ 

Subregion 

With- 

Deple- 

With- 

Deple- 

Witii- 

Deple- 

and  state 

drawal 

tion 

drawn  1 

tion 

drawal 

tion 

Gre-en  River 

Colorado 

7,600 

2,600 

11,900 

4,100 

16,700 

6,200 

Utal) 

14,200 

4,800 

20, 100 

6,900 

29,800 

11,000 

12,800 

.^,.300. 

17,200 

5,900 

25 , 000 

5>,200 

Subtotal 

34,^00 

11,700 

49,200 

16,900 

71,500 

26,4oo 

Upper  Main  Stem 

Colorado 

46, 700 

15,200 

70, 100 

23,200 

10k, 600 

37,200 

Utah 

3,000 

1,000 

5,^00 

i,.T00 

9,100 

3,200 

Subtotal 

49,700 

16,200 

75,  <^^00 

24,900 

113,700 

4 0,400 

San  Juan-Colorado 

Arizona 

1/9,000 

2,900 

y 14,000 

4,800 

1/19,000 

7,200 

Colorado 

12,200 

4,300 

19,700 

7,000 

33,600 

12,600 

New  Mexico 

16, 700 

5,900 

29,500 

10,600 

46, 300 

17,300 

Utah 

5,600 

2,000 

9,700 

:,500 

16,600 

6,200 

Subtotal 

43,soo 

15,100 

72,900 

25,900 

115,500 

43,300 

Rer.  i on 

Arizona 

1/9,000 

2,900 

l/l4,000 

4,800 

1 / 19, 000 

7,200 

Colorado 

66, 500 

22,100 

101,700 

34,300 

154,900 

56,000 

New  Mexico 

16,700 

5,900 

29,500 

10,600 

46,300 

17,300 

Ut.aii 

22,800 

7,800 

35,100 

12,100 

55,500 

20, 400 

Wyoming 

12.800 

4.300 

17,200 

5.900 

25,000 

9,200 

Total 

127,800 

43,000 

197,500 

67,700 

300,700 

110,100 

\J  Estimated  frcan 

withdrawal-depletion 

ratio  developed  for 

Gan 

Jiutn-Colorado  economic  subregion. 
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Table  - Pi’ojected  mur.  icipul  and  induct  rial  water  wi'l  hdrav/als 
and  depletions,  Upper  Colorado  Regio  nl/ 


V.'ater  in  acre- 

-feet  ;i'  r ./ear 

iw,;5 

2000 

2020 

V/ithdrawal 

Domestic 

50,900 

54,800 

66,300 

81 , 100 

Manufa  'luring 

12,200 

20,300 

36,200 

62.400 

C.ov-ernmenta  1 

10,700 

l6,400 

27 , 900 

4:=,  700 

C'  .mmt.'r  ' ial 

4:/roo 

27, too 

'■ : , 100 

'■  ,400 

Total 

89,500 

llB,800 

183,500 

2^1, 

Depletion 

D'  me  Stic 

17.300 

2’, 300 

28.800 

3'-.9C6 

.’•ia  nuf  a c t ur  i ng 

1,900 

3.d00 

6,700 

12 . 70< 

G'  .'.'crnmental 

1,100 

2,000 

4.200 

8.800 

C' mmerc Ial 

6,400 

11,400 

2-5,200 

4'^.', 00 

Total 

26,700 

40,100 

.900 

102 , 900 

IT  liased  on  economic  boundaidi  s,  Arizona  uses  of  l','I>00  a-Te-l’e'  " 
In  1 '"t  , 4,800  in  2000,  and  7,200  In  2020  not  i ncludi.-d . 
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GPO  iS  1 • 466 


rk';io:;al  nreijG  a::d 


lable  . i - Hecreabion  land  and  water  surface  needs, 
rej^ionally  interpreted  OBERS  level  of  development. 
Upper  folorado  Region 
(Unit--!  ,000  acres) 


CT  asses' 


■•'ear 

ii  m T7 

vr 

1 ■»■  .5 

i'cveloped 

land 

0.5 

4.7  3.2  1.1 

0.5 

0.5 

10.5 

Undevelgned 

lari'^i^' 

3.1 

28.1  125.0 

15^^ . 2 

— 

19t0 

Developed 

land 

3.^ 

31.0  20.7  6.9 

3.4 

3.4 

68.  S 

Undeveloped 

land 

31.7 

285.4  1,268.3 

1 ,585.4 

.•/a’.eT— ' 

“ ~ 

2000 

Developed 

land 

10.1 

t)0.6  bO.4  20.1 

10.0 

10.1 

201 . 3 

Undeveloped 

lain 

109.2 

982.5  4 . 31^1 . ” 

5,458.4 

-- 

2020 

Developed 

la:,d 

21.7 

l-i5.n  130.5  43.5 

21.'^ 

■1. 

434.  • 

Undeveloped 

1 anu 

-18.'' 

u,U'33.l  ''.925.2 

V‘,406.5 

'.'.'a'le  r\l 

332. 

\'  ''lasses: 

I - 

■sity  recreation  areas. 

. i - 

;ene ral 

reereatioii  areas. 

1 • : - 

natural 
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factors  that,  will  place  an  ever-growing  demand  on  recreation  resources  in 
the  region. 


Demand  for  the  various  activities  is  fairly  uniform  throughout  the 
region  regardless  of  subregion  or  target  year.  The  greatest  exception, 
however,  is  winter  sports  activities,  as  shown  below. 

Winter  sports  demand  in 
Upper  Colorado  Region 
(1,000  activity  days) 


Subregion 

Targ.et  dates 

1980 

2000 

2020 

Green  River 

72  it.  8 

1,340.0 

2,168.2 

Upper  Main  Stem 

7,5i*3.1 

14,947.4 

21,015.7 

San  Juan-Colorado 

481.8 

951.4 

1,456.0 

Total 

5,749.7 

17,238.8 

24,61+0.8 

Summary  of 

outdoor  recreation  demand 
(thousands  of  recreation  days) 


Year 

Green 

River 

subregion 

Upper 
Main  Stem 
subregion 

Gan  Juan- 

Colorado 

subregion 

Region 

1965 

22,969.1 

15,970.3 

16,985.7 

55,925.1 

1980 

34,289.2 

25,219.0 

25,980.6 

85,488.8 

2000 

55,533.5 

42,261.7 

42,669.7 

140,464.9 

2020 

92,359.0 

63,402.2 

69,380.2 

225,141.4 

Fish  and  wildlife 

Fish  and  wildlife  needs  are  described  in  terms  of  quality  as  well  as 
quantities  and  of  national  as  well  as  regional  objectives.  Because  of  its 
relatively  low  human  population  and  low  level  of  resource  development  in 
crjmparison  to  other  areas,  the  region  retains  much  of  its  endowment  of 
attractive,  unpolluted  streams  and  lakes  and  a full  complement  of  wildlife 
in  habitats  not  greatly  changed  since  settlement  started  over  a century 
ago.  For  example,  some  of  our  largest  North  American  animals — elk,  moose, 
antelope,  bighorn  sheep,  and  mule  deer— are  c<xnmon. 

With  such  attributes  the  region  can  become  increasingly  unique  as 
other  parts  of  the  country  become  more  heavily  populated  and  intensively 
developed.  It  would  be  a place  for  all  citizens  to  visit  and  enjoy. 
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where  one  might  fish  in  clear  waters  iri  uncrowded  surroundings,  or  hunt 
unusu£ti  birds  such  as  l.he  sage  grouse,  or  watch  for  wildlife  in  mountains, 
valleys,  and  canyon  lands. 

Projected  needs  for  sport  fishing  w(;re  estimated  by  comparing  pro- 
jected demand  with  poteritial  supply.  This  conparison  is  sujnmarized  in 
Table  2^.  For  most  of  the  region  there  would  be  ample  fishing  waters 
through  2020,  although  there  must  inevif.ably  be  much  '.-rowding  on  the  heav- 
ily fished  areas,  with  a resultant,  deterioration  in  quality.  Only  in  Ari- 
zona and  New  Mexico  are  substantial  shortages  of  fishing  opportunity  fore- 
casted because  of  the  projected  large  increases  in  the  Indian  population 
in  those  states. 

Commercial  fisheries  are  a minor  fraction  of  the  economy.  Most  of 
them  are  trout  hatcheries  or  rearing  units.  If  these  enterprises  are  to 
keep  pace  with  projected  population  and  economic  grow^.h,  annual  produc- 
tion would  need  to  be  increased  from  about  200,000  pounds  to  an  estiimited 
405,000  pounds. 

Future  needs  for  hunting  were  estimated  after  recognizing  practices 
and  trends  in  state  management.  A limited  number  of  permits  are  allowed 
for  most  species  of  big  game,  the  mule  deer  being  the  notable  exception. 
Also  the  trend  is  to  limit  nonresident  hunting  as  the  demand  for  resi- 
dents grows.  It  was  realized,  also,  that  growing  demand  for  hunting  would 
result  in  lesser  success;  i.e.,  more  time  will  be  spent  hunting  for  each 
animal  taken.  Demand  was  calculated  within  tiiese  limitations  as  shown  in 
Table  25.  Without  them  the  theoretical  demand  would  be  many  times  greater 
than  the  supply . 

Most  of  the  region  can  be  expected  to  hav  enough  gfune  for  its  needs 
through  2020.  The  exceptions  are  Arizona  and  !.'•  w Mexico,  as  in  tiie  case 
of  future  fishing  needs,  and  Wyoming,  wiiich  also  will  have  a significant 
shortage  of  resident  game  animals  throughout  mucii  f th>'  study  peri>xi. 

In  Colorado  and  Utah  game  resources  and  habitat  capabilities  appear  to 
be  adequate,  though  local  shortages  undoubtedly  will  Lxicur.  Anticipated 
shortages,  wherever  they  occur,  will  develop  largely  tirrf>ugii  a combina- 
tion of  increased  demand  and  reduction  in  habitat.  Criteria  for  identi- 
fying the  decrease  in  habitat  were  land -use  changes. 

Fur  animal  trapping  may  be  disregarded  as  a meaningful  need.  As  in 
the  past,  trapping  will  be  done  when  animals  are  available  and  the  fur 
price  is  adequate,  or  when  species  in  need  of  control  are  taken  for  that 
purpose.  Fur  animal  management  is  not  a major  effort  of  wildlife  agen- 
cies except  in  the  case  of  the  established  control  programs. 

There  are,  of  course,  many  other  needs  for  fish  and  wildlife,  needs 
that  cannot  be  conveniently  expressed  in  such  terras  as  man-days  of  activ- 
ity. Conservation  of  all  forms  of  fish  and  wildlife  for  the  enjoyment  of 
future  generations  will  be  of  continuing  concern.  As  human  populations 
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Table  2k  - Sport  fishing  - future  capabilities  and  needs,  regionally 
interpreted  OBERS  level  of  development,  Upper  Colorado  Region 

(1,000  man-days) 


Year 

State 

Habitat 

capacity 

B’i  shing 
demand 

Unmet 

demand 

1965 

Arizona 

121 

32 

Colorado 

U,806 

1,896 

• New  Mexi co 

U12 

371 

Utali 

3,025 

1,040 

Wyoming 



208 

9,95-'4 

375^^7 

s 

1980 

Arizona 

146 

84 

Colorado 

5,570 

2,294 

New  Mexico 

613 

546 

Utah 

3,462 

1,353 

Wyomi ng 

1,6-0 

2k -j 

11,421 

4,522 

2000 

Arizona 

148 

202 

54 

Colorado 

5.807 

3,206 

New  Mexico 

673 

905 

232 

Utaii 

3,502 

1,877 

Wyoming 

1,681 

312 

11, ”11 

'.,502 

2”.' 

2020 

Arizona 

151 

275 

124 

Colorado 

5,882 

4 , 174 

New  Mexico 

676 

1,266 

590 

Utah 

3,536 

2,541 

Wyomi ng 

1,714 

411 

11,959 

8,'  "7 

714 

S - Surplus 
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grow,  tbf.'re  will  be  enlarging  interest  in  wildlife  photography  and  nature 
study  as  well  as  hunting  and  fishing. 

Water  needs  for  new  fishing  impoundments  and  waterfowl  areas  are 
suimnarized  in  Table  26. 

Fishing  impoundments  and  wa'.erfowl  areas  would  require  land  as  well 
as  water.  Estimated  land  requirements  appear  in  Table  27. 

For  big  game  conservation,  lands  are  purchased  or  withdrawn  primarily 
for  that  purpose.  There  is  a continuing  need  for  winter  range  for  mule 
deer,  elk,  and  moose— a need  that  becomes  critical  as  norimi-  r'l.iges  are 
converted  to  irrigation  or  altered  by  other  kinds  of  development.  Land 
needs  for  big  game  are  summarized  in  Table  28. 

For  many  wildlife  species  certain  portions  of  the  total  habitat  are 
so  essential  that  they  are  the  key  to  survival  of  the  species.  Sagebrush 
range  for  sage  grouse  is  a good  example  of  an  essential  habitat  conponent. 
Key  habitat  is  required  for  mule  deer,  elk,  moose,  antelope,  bighorn 
sheep,  sage  grouse,  turkey,  and  for  waterfowl.  These  are  habitat  areas 
in  which  wildlife  conservation  must  be  an  important  objective  of  land 
management  and  in  which  wildlife  must  be  given  adequate  consideration  when 
changes  in  land  use  are  proposed  or  made.  The  acreages  of  key  habitat  in 
the  several  states  for  all  of  the  above  species  after  subtracting  for  all 
overlapping  is  as  follows; 

Acreage  for  key  habitat  for  wildlife 

Subregion  and  state  Thousands  of  acres 

Green  River 
Colorado 
Utah 
'Wyoming 

Subtotal 

Upper  Main  Stem 
Colorado 
Utah 

Subtotal 

Gan  Juan-C olorado 
Arizona 
Colorado 
New  Mexico 
Utah 

Subtotal 

Total 


i+,495 

4,628 

8.128 

17,251 


10,003 

11,726 


1,289 

2,482 

3,424 

5.027 

12,218 

41,195 


62 


-.4 


Table  26  - Consumptive  water  needs  for  fish  and  wildlife 
regionally’  interpreted  OBERS  level  of  development, 
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2/  Additional  waterfowl  areas  will  be  needed  if  urban,  industrial,  or  major  reservoir 
development  should  cause  serious  inroads  on  existing  key  habitat. 

^ Not  programed  for  construction. 

4/  Includes  1,600  acre-feet  not  programed  for  construction. 
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Table  28  - Projected  land  needs  primarily  for  big-game 
conservation,  Upper  Colorado  Region 
(Unit --acres ) 


Subregion 
and  state 

196'. -19801/ 

1981-2000^ 

2001-2020^^ 

Green  River 

Colorado 

7,000 

7,000 

Utah 

23,000 

6,000 

6,000 

Wyoming 

9 , 000 

5 , 000 

Subt otal 

23,000 

18,000 

18,000 

Upper  iiain  Stem 

Colorado 

11,000 

11,000 

Utah 

3,000 

3,000 

Subtotal 

14 , 000 

14,000 

rjan  Juan-Colorado 

Ar i zona 
Colorado 

800 

4,000 

4,000 

New  Mexico 

13,620 

8,000 

8,000 

Utah 

6.000 

6,000 

.Subtotal 

1',.420 

18,000 

18,000 

Peri  xi 

37,420 

50,000 

50,000 

Accumulated  total 

87,420 

137,420 

T7  Programed  for  construction  and  development . 
2/  To  meet  future  demand. 
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El*-jctric  pow>r 

EGtirariten  of  Tuturt-'  ili.'tnandG  for  oloftri  -al  enertiy  have  heen  made 
baGed  upon  a study  of  population,  customers  as  related  to  population, 
past  c;rowtdi  ..if  customer  usaj-n-  (resideritial,  c immercial,  industrial), 
knovn.  economic  development,  arid  otii-.r  factor.;.  Consideration  has  also 
been  t'iven  to  'he  estimates  of  the  utilities  serving  the  region.  These 
est,  iiriates  were  available  to  1990 • 

Estimates  of  power  requirements  within  the  region  are  as  follows: 


Year 

Energy' 

(million 

kilowatt,- 

hours) 

Arinual 

peak 

requirements 
including 
20'^  reserve 
(megawatts) 

1965 

2,013 

380 

1980 

5,770 

1,300 

2000 

18,200 

3,900 

2020 

36,400 

7,900 

In  addition  to  the  in-region  demands,  it  is  expected  that  plants  in 
the  region  will  be  utilized  to  supply  loads  in  the  Pacific  Northwest, 
eastern  Colorado,  the  Midwest.,  eastern  Vfyoming,  eastern  New  Mexico,  Texas 
California,  the  Lower  Colorado,  arid  the  Great  Basin. 

A summary  of  in-basin  demands  plus  reserves  and  exports  is  showi.  on 
Table  29*  Projected  water  and  land  uses  are  shown  on  Tables  30  and  31- 
The  water  available  for  themial-elect.ric  pow?;-r  generation  was  distributed 
among  the  states,  having  in  mind  the  percentage  distribution  of  their  to- 
tal uses  under  the  Upper  Colorado  River  Basin  Compact,. 

Water  quality,  pollution  control,  and  health  factors 

The  difficulty  of  maintairring  or  restoring  water  quality  is  contin- 
ually Increasing  because  of  the  growing  quantity  of  pollutants  entering 
streams  and  the  increasing  depletions. 

Although  many  situations  can  be  met  with  existing  knowledge,  there 
is  a continuing  need  for  technological  improvement  in  waste  removal, 
treatment  methods,  and  erosion  control  measures.  In  addition,  there  are 
situations  for  which  the  feasibility  of  solutions  have  not  yet  been  deter 
mined.  The  control  of  salinity  and  mine  drainage,  for  example,  will  re- 
quire research  and  demonstration  efforts  to  develop  effective  cont.rol 
measures . 
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REGIONAL  NEEDS  AND  DLMANDS 


Table  30  - Projected  installed  capacity  and  water  depletions 
for  thennal-electric  power  generation, 
regionally  interpreted  OBERS  level  of  development, 

Upper  Colorado  Region 


In! 

stalled 

capacity  and  consumptive  use 

1980 

2000 

2020 

Subregion 
and  state 

Mega- 

watts 

1,000 

acre- 

feet 

Mega- 

watts 

1,000 

acre- 

feet 

Mega- 

watts 

1,000 

acre- 

feet 

Green  River 
Colorado 
Utah 
Wyoming 

1,663 

959 

2.213 

24.0 

14.4 

33.2 

15,363 

959 

9,913 

230.4 

14.4 

148.7 

15,363 

959 

9.913 

230.4 

14.4 

148.7 

Subregion  total 

^.835 

72.5 

26,235 

393.5 

26,235 

393.5 

Upper  Main  Stem 
Colorado 

123 

1.8 

1,613 

24.2 

l,6l'- 

24.2 

Subregion  total 

123 

1.8 

1,613 

24.2 

1,613 

24.2 

San  Jtum-Colorado 
Arizona 
New  Mexico 
Utah 

2,310 

3,nh 

2,400 

34.1 

55.7 

36.0 

2,310 

7,123 

4,800 

34.1 

106.8 

72.0 

2,310 

7,123 

4.800 

30.1 
106.8 
72 . 0 

Subregion  total 

8,424 

125.8 

14,233 

212.9 

i4,:.-33 

208.9 

Arizona 
Colorado 
New  Mexico 
Utah 
Wyoming 

2,310 

1,786 

3,714 

3,359 

2,213 

34.1 

26.7 

55.7 
50.4 

33.2 

2,310 

16,976 

7,123 

5,759 

9.913 

3^.1 

254.6 
106.8 

86.4 

148.7 

2,310 

16,976 

7,123 

5,759 

. 9,913 

30.1 

254.6 
106.8 

86.4 

148.7 

Region  total 

13,382 

200.1 

42,081 

630.6 

42,081 

626.6 
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Table  31-  “ Ibrojected  land  needs  for  elec'tric  powr  facilities 
for  regionally  interpreted  OBERP  level  of  developm'.'nt , 
Upper  Colorado  Region 
(Uni  {.--acres) 




1980 

2000  ar;d 
2020 

Thermal  powerplunts 

Green  River 

162 

1,650 

7,100 

Upper  Main  Gtem 

38 

0 

500 

San  Juan-Colcrado 

201 

2,950 

2.000 

Subtotal  (rounded) 

loo 

1,600 

9,900 

Transmissior  right -of -way 

Upper  Colorado  Region 

59.000 

100,000 

120.000 

Total  facilities  (rounded) 

55,000 

105,000 

130,000 

Salinity 


Future  dissolved  solids  concentrations  vere  estimated  for  I98O,  2000, 
ard  2020.  The  impact  of  the  OBERG  level  of  development  in  the  region  is 
totaled  at  Lees  Feri'v,  Arizona,  where  the  TDS  concentration,  assuming  no 
salinity  Improvemen'  program,  in  2020  is  projected  at  820  mg./l.,  or  ap- 
proximately 40  percent  greater  than  the  I965  concentration.  The  major 
cause  of  the  projected  salinity  increase  is  continued  development  of 
the  region.  It  includes  the  additional  stream  depletions  for  irrigation, 
thermai-powt-“r  production  and  exports,  and  the  additional  salts  leached 
from  newly  irrigated  lands. 

Mine  Draina^^e 

In  addition  to  eliminating  fisheries  and  reducing  the  value  of  -water 
for  recreational  purposes,  mine  drainage  pollution  in  several  areas  also 
detracts  from  the  value  of  streams  as  sources  of  municipal  and  industrial 
water  supplies.  Concentrations  of  some  metals  periodically  exceed  Public 
Health  Service  limits  for  drinking  water  supplies.  In  some  cases  costly 
treatment  is  required  to  make  the  water  suitable  for  industrial  pvtrposes. 

More  denifinds  will  be  made  of  the  streams  of  the  area,  especially  by 
the  ever-increasing  number  of  recreationists.  The  present  and  future 
needs  for  high-quality  water  can  be  aided  if  mine  drainage  is  controlled. 

Wastewater  Treatment 


Mar*y  changes  have  occurred  in  water  pollution  control  in  the  period 
fr-m  1965  to  1970.  Even  with  this  progress,  there  still  remains  in  1970 
a need  for  further  improvements  in  wastewater  treatment  to  control  exist- 
ing sources  of  pollution.  Thei-e  is  also  a significant  need  for  improved 
operation  and  nviintenance  of  existing  wastewater  treatment  systems. 
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As  a r'jsult  of  the  expected  population  growl.h  and  economic  expatision, 
fiiturc  discharges  to  municipal  and  industrial  vastewater  treatment  v/orks 
are  estimated  to  triple  from  ll^UOC  to  3^^900  tons  biochemical  oxygen  de- 
mand during  the  I965-202O  period. 

In  critical  areas,  especially  near  some  recreational  lakes,  t.here 
will  be  a need  by  I98O  to  remove  significantly  larger  percentages  of  nu- 
trients fr'.sn  municipal  wastewaters  by  tertiary  t.reatment,  methods  in 
order  to  prevent  accelerated  eutrophication  of  these  water  bodies. 

The  sprawling  construction  of  recreation  homes  and  commercial  enter- 
prises has  resulted  in  the  proliferation  of  Individual  and  small  canmunity 
disposal  systems  in  some  recreation  areas.  Because  of  the  rapid  growth 
in  recreation,  detailed  basinwide  water  quality  planning  is  urgently 
needed  in  these  areas.  In  addition,  recent  legislation  requires  that 
wast£'water  treatment  works  be  in  conformance  with  a basin  or  regional 
plan  to  be  eligible  for  Federal  financial  assistance. 

Use  and  Management 

Opportunities  to  improve  water  quality  through  careful  land  manage- 
ment appear  to  be  of  the  utmost  significance.  Land  use  and  management 
activities  are  known  to  contribute  to  water  quality  problems.  Sediment 
and  inorganic  salts  and  minerals  have  a primary  impact  on  water  quality. 
Animal  wastes,  agricultural  chemicals,  infectious  agents,  turbidity,  and 
heat  are  also  of  concern.  Various  aspects  of  the  effects  of  land  use  are 
outlined  in  the  technical  appendices.  Any  of  the  land  management  prac- 
tices could  possibly  cause  one  or  several  changes  in  the  quality  of  water. 
Some  of  these  activities  have  both  plus  and  minus  effects  on  water  qual- 
ity. Certain  associated  conservation  measures  can  and  do  abate  pollution 
and  Improve  water  quality.  The  net  effect  of  land  use  and  management, 
however,  is  not  fully  understood. 

Since  the  largest  percentage  of  salt  accretions  contribui ing  to 
salinity  are  frrjm  diffuse  sources  of  geologic  origin  and  irrigation  re- 
tuiTi  flows,  potential  salinity  control  beneflt.s  from  improved  land  manage- 
ment practices  should  be  fully  evaluated. 

Gtreamflnw  Management 

Water  quality  Improvement  by  means  of  strearaflow  management  is  lim- 
ited in  the  Upper  Colorado  Region  under  present  legal  and  Institutional 
environments.  The  maintenance  of  minimum  flows  for  water  quality  purposes 
is  not  recognized  as  a beneficial  use  of  water  in  the  water  rights  laws 
of  any  state  in  the  region.  Availability  of  water  in  streams  to  maintain 
water  quality  depends  exclusively  on  flows  released  to  meet  other  down- 
stream uses.  Under  existing  laws,  the  entire  flow  of  a stream  coulil  be 
periodically  removed  leaving  the  stream  dry  regardless  of  water  quality 
criteria.  Therefore,  management  of  streams  to  insure  minimum  flows  for 
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v.-'iter  quality  control  is  contingent  upon  purchasing  existing  water  rights 
or  importations. 

If  water  quality  control  becomes  recognized  as  a legitimate  use, 
water  resources  management  could  provide  for  the  optimum  conbination  of 
quality  and  quant, ity  for  the  available  supply.  In  considering  a stream- 
flow  management  program,  the  effects  of  stream  regulation  on  an  entire 
river  basin  would  have  to  be  an  Integral  part  of  any  regionwide  or  basin- 
wide water  quality  management  scheme. 

Envirormiental  Health 


There  is  a great  need  for  additional  protection  and  surveillance 
programs  to  safeguard  domestic  water  supplies.  Adequate  control  and  sur- 
veillance programs  are  needed  for  the  problem  areas  of  air  pollution, 
solid  waste  disposal,  radiological  pollution  and  disease  vectors. 

Thermal  Power  Production 


In  the  past,  waste  heat  output  has  not  multiplied  as  fast  as  power 
generation  because  of  continued  improvements  in  thermal  plant  efficiency. 
Fossil-fueled  plants  are  reaching  a limit  of  efficiency;  waste  heat  to 
cooling  systems  can  be  expected  to  more  closely  parallel  power  production 
increases  in  the  foreseeable  future.  The  heat  expelled  to  cooling  systems 
is  estimated  to  increase  from  about  5^^00  million  B.t.u.  per  hour  in  I965 
to  127,100  million  B.t.u.  per  hour  in  2020. 

The  selection  of  appropriate  sites  for  locating  powerplants  so  as  to 
minimize  environmental  effects  poses  a significant  challenge  to  both  the 
industry  and  Government.  Environmental  concerns  will  necessitate  the  con- 
sideration of  many  more  factors  in  t.he  planning  of  power  production  fa- 
cilities than  has  been  the  practice  in  the  past.  In  addition  to  thermal 
pollution  control,  a number  of  other  selection  fact.ors  make  siting  very 
complicated— esthetic  impact,  availability  of  water  supply,  safety,  air 
pollution  control,  access  to  transportation  and  others.  Installation  of 
facilities,  such  as  cooling  towers  to  control  thermal  pollution  will 
affect  cost  factors  and  require  more  space  for  the  plant  and  may  make  it 
more  difficult  to  meet  esthetic  goals.  Siting  is  likely  to  become  an 
increasingly  difficult  and  controversial  factor  in  the  continued  growth 
of  power  production. 

State-Federal  Water  Qpality  Standards 

The  water  quality  standards  established  by  the  states  and  approved 
by  the  Secretary  of  the  Interior  in  accordance  with  the  Water  Quality  Act 
of  1965  represent  a major  step  in  water  pollution  control.  Tlie  standards 
and  implementation  plans  are  means  for  controlling  pollution.  Expansion 
of  the  standards  to  include  intrastate  streams  is  needed  where  this  has 
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not  been  done.  Also,  the  water  quality  criteria  should  be  expanded  to 
cover  additional  parameters  in  order  to  provide  a more  complete  measure 
of  water  quality. 

Pollution  Surveillance 


Data  describing  wastewater  and  stream  quality  conditions  are  limited. 
Expansion  of  present  programs  is  needed  in  order  to  provide  better  stream 
coverage  and  to  measure  additional  water  quality  parameters.  A thorough 
knowledge  of  water  quality  conditions,  waste  loadings,  and  streamflow 
characteristics  will  permit  the  utilization  of  computerized  mathematical 
modeling  as  a tool  for  better  water  quality  management. 


I 


I 
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"Preservation  of  resources  in  appropriate  instances  to  insure  that 
they  will  be  available  for  their  best  use  as  needed"  is  part  of  the  basic 
objective  of  the  study.  Preservation  in  this  sense  can  be  defined  as  pro- 
tection from  injury  or  destruction.  The  purpose  in  making  the  considera- 
tion is  to  provide  for  the  timely  development  of  the  resources  and  to  in- 
sure the  well-being  of  all  the  people  which  is  also  part  of  the  basic 
study  objective.  Preservation  does  not  infer  nonuse  or  "locking  up"  re- 
sources. Instead  it  indicates  the  existence  of  values  vrtiich  may  be  irre- 
trievably lost  unless  careful  coordination  of  resource  use  and  development 
is  made.  Thus,  the  preservation  of  future  development  opportunities  as 
well  as  protection  of  natural  and  cultural  values  is  included. 

This  pfirt  provides  a broad  overview  of  the  preservation  consider- 
ations of  several  major  resources  in  the  region.  Maps  showing  the  re- 
source protection  needs,  together  with  the  Stream  Environment  Profile, 
are  designed  to  draw  attention  to  the  interfaces  among  the  resources. 

Each  of  these  interfaces  creates  either  an  opportunity  for  joint  benefit 
or  a conflict  between  resources.  When  several  resources  occur  in  a c im- 
mon  area,  their  preservation  requirements  may  present  a complex  set  of 
opport.unities  and  conflicts.  Further  study  in  more  detail  will  normally 
be  required  to  satisfactorily  provide  the  necessary  protection  to  the  re- 
sources involved  in  such  instances. 


Preservation  Needs 


Crop  production 

Preservation  considerations  relating  to  croplands  include  those  per- 
taining to  the  presently  used  area  and  to  the  potentially  usable  area. 

Currently  1,621,500  acres  are  being  used  for  irrigated  crop  produc- 
tion plus  603,000  acres  for  dry  crops.  These  areas  and  their  wfiter  dis- 
tribution systems  are  subject  to  loss  through  urban  expansion,  transpor- 
tation system  extensions,  and  other  intensive  laud  uses.  These  areas 
are  generally  among  the  highest  value  croplands  and  any  diminution  of 
their  size  poses  a serious  production  loss  problem. 

The  7,058,600  acres  of  potentially  Irrigable  land  atid  the  reservoirs 
and  distribution  systems  needed  to  serve  any  cjf  those  lands  that  may  be 
developed  are  another  consideration  if  future  developmental  opportunities 
are  to  be  maintained. 


73 


1=:..  j ««« 


r* 


PAi^r  rv 


PKK'H-tVATION  CON:  ■TDI'PATTOi: 


iiirly  developments,  purticularly  irrigation  projects,  were  not  faced 
with  competition  for  land,  nor  re<iuired  to  include  Land  costs  for  public 
lands  developed.  The  present  situation  is  far  different  with  almost  all 
of  the  potentially  irrigable  lands  presently  being  used  for  one  or  more 
other  uses.  Adding  to  this  land  use  competition  problem  is  the  reiuire- 
ment  to  include  all  costs  of  eliminating  other  uses  when  new  irrigation 
projects  are  installed.  Therefore,  it  is  imperative  that  the  location 
and  value  of  the  potentially  irrigable  lands  be  identified  so  that  other 
land  uses  will  not  eliminate  developmental  opportunities. 

The  problem  in  identifying  and  preserving  future  developmental  ox^por- 
tunities  is  compounded  by  the  present  lack  of  data  identifying  which  areas 
are  the  most  valuable.  Wliereas,  it  is  known  that  about  90  percent  of  the 
entire  7>058>600  acres  probably  will  not  be  used  under  present  inventories, 
it  is  not  possible  to  refine  the  preservation  requirements  by  delineating 
the  most  valuable  1'"'  percent. 

The  presently  used  and  potential  areas  are  included  on  the  Preserva- 
tion Areas  Map  following  page  94.  Potential  selected  reservoir  sites  are 
identified  on  the  Stream  Environment  Profile. 

Livestock  grazing  production 

Approximately  5^,600,000  acres  are  suitable  for  grazing.  Few  of  tht*se 
acres  individually  require  protection  from  other  uses  to  maintain  the  over- 
all productivity  of  the  resoui'ce.  This  does  not  imply  that  the  grazing  re- 
source is  not  vulnerable  to  damage  by  other  resource  uses. 

Grazing  by  livestock  is  the  only  known  means  of  converting  much  of 
the  vegetation  in  this  arid  region  to  products  economically  usable  by  man. 
Range- grazing  productivity  depends  upon  the  continued  ability  to  use  ex- 
tensive areas  of  land  without  severe  restriction.  This  occurs  because  the 
output  per  acre  is  not  higii  and  thus  range  livestock  grazing  cannot  com- 
pete if  competition  becomes  too  severe.  Under  this  set  of  constraints  the 
preservation  consideration  necessary  is  to  plan  for  grazing  use,  together 
with  the  other  uses  of  the  land  base  to  maintain  economic  feasibility  for 
grazing. 

The  area  suitable  for  grazing  and  requiring  protection  is  not  shown 
on  the  map.  A general  Indication  of  the  location  can  be  obtained  by  re- 
ferring to  the  vegetal  cover  maps.  Alpine,  barren,  and  urban  provide 
little  or  no  grazing  use,  while  the  range  type  provides  the  most.  Forest- 
type  grazing  productivity  is  Inversely  proportional  to  the  density  of  the 
stand . 


Timber  production 

There  are  9*^  million  acres  of  forest  land  which  are  capable  of  pro- 
ducing timber  products  of  commercial  size  and  quantity.  Current  proposals 
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i'or  wildertiess  would  result  in  further  loss  of  commerical  forest  acre- 
Ofj.e.  The  eui-rerit  projections  of  acreage  to  be  lost  to  highway  construc- 
tion, utility  corridors,  reservoirs,  summer  home  development,  etc.,  are 
approximately  23^,000  acres.  Unofficial  estimates  place  the  potential 
loss  in  acrea^p?  due  to  ail  causes  in  the  30  to  i+0  percent  range. 

Large  losses  of  commercial  forest  acreage  would  seriously  affect  the 
region's  capability  to  meet  future  needs  of  timber  products.  Therefore, 
considerations  for  conversion  of  commercial  forest  acreage  to  other  uses 
should  be  carefully  evaluated  as  to  all  values  to  be  gained  or  foregone 
by  conversion. 

The  general  area  of  commercial  forest  is  shown  on  the  Preservation 
Areas  Map. 

Mineral  production 

Estimates  of  the  increase  in  land  needed  for  active  mineral  industry 
operations  jump  from  37^000  to  178,000  acres  by  2020. 

Preservation  of  exploration  opportunities  for  minerals  is  the  most 
important  consideration  to  insure  future  productivity.  As  land  use  in- 
tensifies, the  physical  and  legal  restraints  on  this  activity  could  be- 
come excessive. 

i-icploration  is  essential  because  normally  only  a 10-  to  20-year  re- 
serve of  most  minerals  is  maintained.  These  areas  and  the  areas  contain- 
ing the  more  valuable  presently  known  deposits  of  mineral  wealth  are 
broadly  identified  on  the  Preservation  Areas  Maps. 

Electric  power  production 

Projected  energy  production  indicates  an  increase  from  f ,3^6,000  mil- 
lion kilowatt-hours  in  1965  to  273;720,000  million  kilowatt-hours  in  2020. 
This  includes  local  use  and  export.  To  meet  this  load,  it  is  expected 
that  13  large  steam- electric  plants  totaling  i+0,800  raw.  will  be  built  in 
the  region.  The  transmission  right-of-way  requirements  will  increase  from 
55>000  acres  in  1965  to  120,000  acres  in  2020.  Land  required  for  power- 
plant  facilities  will  increase  from  40O  to  9>900  acres  for  the  same  time 
frames. 

land  requirements  for  electric  power  generating  plants  depends  on 
(l)  size  and  type  of  plant,  (2)  location,  (3)  on-site  needs  for  fuel 
stora^'e  and  handling  facilities,  and  (^)  method  of  disposal  of  waste 
products. 

Land  use  for  transmission  line  rights-of-way  will  not  always  con- 
flict with  other  beneficial  uses  since  activities  such  as  farming  or 
grazing  will  be  cort^iatlble  to  a degree.  The  most  serious  problem  will 

75 


PART  rv 


PRKSKKVATTON  CONHIDPRAT TONf: 


oc-our  where  the  lines  cross  close  to  recreation  ai’eus,  wilderness,  wild 
rivers,  or  highway  routes.  General  routes  of  utility  corridors  which 
may  conflict  with  other  uses  are  depicted  on  the  Preservation  Areas  Map. 

Flood  control  opportunities 

Flood  control  and  flood  damage  prevention  programs  are  classified 
urider  two  general  headlngs--corrective  and  preventive  measure.  Correc- 
tive measures  having  preservation  requirements  include:  dams  and  reser- 

voirs, levees  or  waLls,  channel  improvements,  and  watershed  treatment. 

The  opportunity  to  install  these  practices  partially  depends  upon  the  use 
and  development  of  the  stream  channels. 

Reservoirs  ;jre  considered  to  be  the  most  effective  measure  for  the 
control  of  floods  in  many  of  the  problem  areas  in  the  region.  Few  single- 
purpose flood  prevention  structures  are  anticipated;  however,  the  oppor- 
tunity to  add  incremental  storage  to  multiple- purpose  reservoirs  must 
be  preserved  if  flood  control  is  to  be  effective.  Selected  sites,  to- 
gether with  other  structural  opportunities,  are  shown  on  the  Stream  En- 
vironment Profile. 

Preventive  measures  having  preservation  requirements  include  flood- 
plain  zoning  and  other  use  restricting  regulations  in  flood- prone  areas. 
The  flood-plain  management  in  conjunction  with  streamflow  forecasting 
program  offers  opportunity  not  only  for  flood  damage  reduction  but  can 
also  provide  additional  "Green  Belt”  areas  in  or  near  cities. 

Recreation 

Since  the  begirming  of  civilization,  man's  efforts  to  control  his 
environment  have  produced  many  conflicts  with  nature.  At  the  same  time, 
these  efforts  have  been  rewarded  with  the  opportunity  to  live  in  vary- 
ing degrees  of  comfort  almost  anywliere  he  chooses.  However,  wnere  man 
has  altered  or  conquered  nature,  he  has  often  destroyed  that  which  he 
can  never  replace. 

In  the  past,  the  exploitation  of  natural  features  and  values  was 
defended  by  assigning  priorities.  However,  the  rapidly  dwindling  re- 
serve of  outstanding  natural  features  and  the  development  of  new  value 
systems  have  made  it  mandatory  that  priorities  be  reassessed  and  deter- 
mined in  a more  comprehensive  manner.  Under  this  broader  system  of  de- 
termining' priorities,  every  effort  must  be  nade  to  husband  those  limited 
outstanding  natural  resources  which  still  remain. 

As  inferred,  water  and  related  land  resource  developments  greatly 
alter  the  natural  environment.  This  is  especially  true  of  all  struc- 
tural modifications.  Wlien  flood  plains  and  bottom  lands  ai'e  v. inverted 
to  lakes  by  reservoir  developments,  the  ecology  of  downstream  areas  is 
altered.  Most  such  measures  also  cause  change  because  of  their  influ- 
ence on  soc ial- economic  conditions  in  the  areas  where  they  are  located. 
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Natural  values  worthy  of  preservation  include  topocraphic  or  hydro- 
graphic  features  and/or  the  fauna  and  flora  they  support.  Physical  fea- 
tures may  be  valuable  only  because  of  what  they  are  or  because  of  wliat 
they  support.  Tliis  value,  ofeen  not  appiirent  or  readily  measurable  in 
tangible  terms,  nevertheless  increases  with  the  uniqueness  of  the  fea- 
ture under  consideration. 

Specifically,  the  Upper  Colorado  Region  is  one  of  the  last  remain- 
ing .areas  containing  imi^iue  natural  features  that  still  ;ire  relatively 
unspoiled.  For  this  reason,  and  because  future  developments  and  use  my 
also  eliminate  or  despoil  these  areas,  a very  careful  analysis  must  be 
mde  of  both  tangible  and  intangible  louj;- range  benefits  and  disbenefits 
that  my  result  from  planned  developments  or  uses. 

Within  the  region  numerous  areas  have  been  identified  as  worthy  of 
consideration  for  preservation.  These  have  been  enumerated  in  tables 
contained  in  Appendix  XII,  "Recreation,"  within  the  section  on  potential 
outdoor  recreation  areas.  The  areas  of  special  concern  are  related  to 
areas  wiiere  interests  conflict.  Gome  of  the  most  important  are  siiown  on 
the  Stream  Environment  Profile  and  the  Preser-vation  Areas  Map.  It  should 
be  understood  that  because  of  generalization  and  lack  of  data  this  is 
only  a partial  list.  A dam  at  the  Marble  Canyon  site  as  identified  in 
the  Lower  Colorado  Framework  Study  would  affect  part  of  the  potential 
scenic  river  area  between  Glen  Canyon  Dam  and  the  region  boundary.  Trib- 
utary streams,  such  as  the  Crystal  and  the  Rcria,  also  may  have  con- 
flicts. On  the  Green  River,  the  Kendall  Dam  would  inundate  part  of  the 
potential  wild  river  segment  below  Green  River  Lakes.  Otiier  conflicts 
my  occur  in  connection  with  the  Swallow  Canyon  powerslte  In  Uie  poten- 
tial wild  river  segment  below  Flaming  Gorge  Dam  and  the  Gray  Canyon  power- 
site  on  the  potential  scenic  river  segment  north  of  Green  River,  Utah. 

On  the  ;ian  Juan  River,  the  Chinle  Unit  and  the  Mexican  Hat  Pi’oject  would 
affect  the  potential  scenic  river  status  of  the  river  between  Cottonwood 
Wash  and  Sllckhorn  Creek.  Several  diims  are  proposed  on  the  Gunnison 
River  oelow  Morrow  Point  Dam.  Much  of  the  affected  area  of  this  river 
has  potential  for  wild  river  designation.  On  the  Yampa  River  the  pro- 
posed Juniper  powerslte  would  affect  the  potential  recreational  river 
designation  of  the  area  below  the  confluence  with  Fortification  Creek. 

The  above  discussion  has  indicated  only  a need  to  protect  natural 
features.  Similar  need,  however,  applies  to  protection  of  areas  that 
have  archaeological,  historic,  scientific,  and  educational  values.  A 
piirtial  list  of  these  kinds  of  areas  is  included  in  Addendum  E of  Ap- 
pendix XII,  "Recreation." 

It  is  apjxirent  that  both  conflicts  and  opportunities  my  be  associ- 
ated with  preservation  of  some,  or  all , of  the  areas  listed  in  Appendix 
XII,  "Recreation."  TTie  decision  to  save  these  resources  as  they  are, 
or  to  modify  them  to  fit  more  utilitarian  needs  is  one  of  the  major 
choices  involving',  the  Upper  Colorado  Region.  Decisions  to  utilize  or 
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preserve  these  resources  will  depend  in  Lnr(30  meastire  on  best  judcmexit  and 
national  goals.  Tiie  fine  imlunee  th.at  exists  betwoem  man  ;mA  his  environ- 
rn-nt  could  easily  be  upset  il'  decisions  to  exploit  the  remaining  natioral 
resources  are  merely  based  on  their  iniierent  economi  • values. 

Fisii  and  wildlii'e 

Tiie  region  should  be  kept  rejjlete  witli  a full  complement  of  animal 
life.  Preservation  of  'Quality  habitat  is  also  a must,  not  only  for  the 
fish  and  wildlife,  but  for  the  special  enjoyment  of  unspoiled  environment 
oy  the  people  who  will  hunt,  fish,  or  watch  in  our  animal  world.  Tiie 
special  qualities  merit  unslackin^'  preservation  efforts  and  also  c^nti-ib- 
ute  substantially  to  the  important  economic  values  associated  with  enjoy- 
ment of  fish  and  wildlife  in  the  region. 

This  is  mrticularly  significant  for  the  rare  and  endan^'.ered  species. 
Most  of  the  endangered  or  rare  forms  of  fish  and  wildlife  in  the  region 
have  extensive  potential  ranges  or  are  migratin^j  birds.  A few  animals, 
however,  are  confined  to  particular  habitats  which  should  be  preserved. 

The  h'ompback  chub  and  the  Colorado  River  squawfish  live  upstream  from 
Lake  Powell  to  Dinosaur  National  Monument  in  the  Gi’een  River  and  to  the 
Grand  Junction  area  in  the  Colorado  River.  The  Kendall  Warm  Springs  dace 
is  confined  to  only  200  yards  of  warm  spring  flow  adjacent  to  the  Green 
River  in  Wyoming. 

Appendix  XIII,  "Fish  and  Wildlife,"  includes  a selection  from  the 
huiidreds  of  miles  of  fine  quality  trout  streams  in  the  region.  These 
are  the  streams  that  should  be  accorded  spcxcial  significance  in  water  de- 
velopment plfinning  with  a view  to  their  preseinration.  Some  of  the  best 
known  examples  are  the  Green,  Wliite,  New  Fork,  and  Strawberry  Rivers  in 
the  Green  River  Subregion;  the  Colorado,  Roaring  Fork,  and  Gunnison  Riv- 
ers in  the  Upper  Main  Stem  Subregion;  and  the  San  Juan  and  Animas  Rivers 
in  the  San  Juari- Colorado  Subregion. 

The  needs  for  wildlife  habitat  extend  to  the  preservation  of  much  of 
the  key  habitat  which  was  described  in  the  foregoing  section  on  Regional 
Needs  and  Demands.  These  areas  are  shown  on  maps  in  Appendix  XIII,  "Fish 
and  Wildlife,"  for  mule  deer,  elk,  moose,  antelope,  bighorn  sheep,  sage 
grouse,  turkey,  and  waterfowl.  Any  planned  developments  or  changes  in 
nvinagement  in  these  areas  should  recognize  the  need  to  presei*ve  important 
parts  for  wildlife.  These  wildlife  areas  are  combined  and  shown  on  the 
Preservation  Areas  Map.  The  fishery,  waterfowl,  and  other  water- oriented 
preservation  considerations  are  similarly  identified  on  the  Stream  ili- 
viroiunent  Profile. 


78 


PACT  IV 


PR  K:  I.i-VATT  on  CONP.ID  '•mTIONr. 


rtream  liivironnieut  F*rofile 


The  p'.irpoce  of  this  prol'iLe  is  to  iieip  Lrleutify  the  potential  proo- 
leniS  and  tiie  compatible  development  oppoi’tiiri ities  alorjg  the  streams. 
Reajhes  of  the  stream  having  potential  problems  based  upon  identil'ied 
pi'e.'-ervat  ion  •ons  idei-itions  are  higiiligiited  with  a shaded  overprinting. 
Ttiese  areas  pai’t  i oul  ai’l  y siiould  re'eive  a more  detailed  analysis  oel’ore 
veiopme:.' al  proposals  I’oi-  any  of  the  uses  are  made.  No  indication  of  tne 
m.agnitude  of  potential  problems  or  opportunities  is  attempted  iiere.  In 
so.me  .'ases,  however,  tiie  very  significant,  problems  and  opport’unities  are 
■overed  in  the  individual  narrative  portion  of  this  section  or  in  the 
several  .'orrespondi ng  appendices. 

Five  major  streams  are  included  in  tiiis  profile  analysis.  They  are 
tiU!  Colorado,  Gimnison,  Green,  Yamfja,  and  fan  .Juan.  Preservation  consid- 
erations are  indicated  for  tiie  vai-ious  resovrrce  values  lyin^?  within  the 
stream  environment.  Supplementary  data  for  selected  tributaries  or  parts 
tiiereof  are  listed:  however,  the  precise  location  of  each  consideration 
is  not  siiown  noi'  is  the  mileage  of  the  tributary. 


EXPLANATION 


RIVER  name,  Reach  Identification,  Mileage 
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Potential  problem  among 
listed  items 

Beginning  or  end 

( ) Intermittent  or  for  a 
portion  of  indicated 
reach  only 

Less  indicated  area 


I^eservat ion  Areas 


Identified  areas  haviri^-^  value  for  crop  production,  timber  production, 
wildlife  habitat,  natural,  value,  historic  value,  and  ouLtva’al  value  occupy 
nearly  the  entire  land  base.  These  areas  overlap  and  present  certain  prob 
lems  as  well  as  opportunities.  They  are  shown  on  the  shaded  portion  of 
the  maps  followin^^  page  94. 
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PRESERVATION  CONSIDERATIONS 


COLORADO  RIVER,  Source  to  Muddy  Creek,  68  Miles 
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GREEN  RIVER,  Head  of  Reservoir  Site  to  Mouth,  215  Miles 
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YAMPA  river,  225  Miles 
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Identirieil  area?  haviiy,:  value  i'or  mineral  production  and  electric 
power  ju'odaetion  ai’e  not  depii'ted  on  the  main  map  due  to  the  fact  that 
precise  data  re{card  lap;  their  location  is  not  readily  availaole. 

Potent iai  conflicts  amon^’  all  of  the  auove  values  are  generally  indl- 
■ateu  on  '.he  main  r-’up.  It  was  generally  assumed  that  potential  conflicts 
would  most  likely  occur  between  certain  pairs.  Judgments  were  applied  to 
n.odify  this  :>asi  • assumption  in  the  interest  of  accuracy.  For  example, 
timber  production  -ommonly  conflicts  with  surface  mining  much  more  severely 
tiian  with  shaft  mining',  and  this  was  considered  in  preparing  the  ;.'ap.  The 
■.iinmonly  conflicting  pairs  are  shown  below. 


£>< 


,0’^ 


9'  - o 

fO  \0  V ^ \ ^ 


9 

Crop  production 

• 

• 

• 

Cultural  values 

• 

• 

• 

Electric  power 

• 

• 

• 

Historic  values 

• 

• 

• 

Mineral  production 

• 

• 

• 

Natural  values 

• 

• 

• 

Tinrfcer  production 
Wildlife  habitat 

• • 
• 

• 

• 

• • 
• 

lab''n  in 

0 

form 

cuit.aol 

\ e< 

P< 

^ ■ \ 


■p''' 

0°  'C'® 


transportation  and  communicat icn  facility  needs,  as  well  as  recreation, 
military,  urorui,  and  slmilai'  intensive  users  of  land. 


Periiapc  ttie  most  significant  conclusion  whicti  can  be  I’eaclied  as  a 
result  of  tills  anfilysis  is  that  no  land  use  can  occur  without  impact  upon 
other  present  or  potential  uses.  The  fact  tiiat  the  Upper  Colorado  Region 
has  the  lowest  population  density  of  any  region  in  the  48  conterminous 
states  and  is  65  percent  in  public  ownership  makes  tills  conclusion  even 
more  significant. 
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maps  do  indicate  generally  where  signif- 
icant values  for  these  considerations  exist. 
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This  section  contains  a summary  description  of  the  water,  land,  and 
other  resources  available  in  the  region  and  identification  of  means  to 
meet  tt)e  needs  of  resource  development. 


Water  Resources 


Tile  52-year  1914-65  historical  study  period  was  selected  to  define 
the  average  annual  virgin  (or  undepleted)  flow  for  the  subregions  and 
region.  General  hydrologic  conditions  of  this  period  are  considered  to 
be  representative  of  conditions  that  can  be  expected  to  rec\ir  in  the  fu- 
ture. Also  this  period  is  the  longest  for  which  reliable  records  are 
generally  available  in  the  region.  Historic  flows  were  adjusted  upward 
by  adding  past  annual  depletions  in  the  years  they  occurred  to  obtain  vir- 
gin flow  figures;  then  the  normalized  use  in  I965  was  deducted  to  obtain 
the  1965  modified  flow.  Normalized  evaporation  for  the  main-stem  reser- 
voirs is  also  deducted  from  the  total  for  the  region.  These  data  are 
shown  in  Table  32  and  the  figure  following  page  96. 


Table  32  - Water  Supply  I965,  Upper  Colorado  Region 
(1,000  acre -feet) 


t 

I 

1 ! 

Green 

River 

Subregion 

Upper 
Main  Stem 
Subregion 

San  Juan- 

Colorado 

Subregion 

Upper 

Colorado 

Region 

1 Virgin  water  supply  (1914-65) 

j Level  of  depletions  (I965) 

I Modified  flow  (1914-65) 

[j  r-lal n-stem  reservoir  evapora- 

1 tion  normalized  (1965) 

, i Outflow  from  region  (1914-65) 

5,46o 

993 

4,467 

6,806 

1,397 

5,409 

2,606 

4l8 

2,188 

14, 872 
2,808 
12,064 

643 

11,421 

The  11,421,000  acre-feet  of  outflow  from  the  region  under  the  196s 
level  of  development  will  be  available  under  average  conditions  to  meet 
commitments  to  the  lower  basin  and  meet  future  needs  in  the  Upper  Colo- 
rado Region.  Main-stem  storage  capacity  has  been  installed  to  provide 
long-term  regulation  to  make  deliveries  to  the  lower  basin  and  thus  per- 
mit fut)ire  development  in  the  upper  basin.  Storage  will  be  required  in 
the  region  to  regulate  the  seasonal  and  annual  runoff  variations  to  con- 
form with  the  demand  patterns. 
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PART  V RESOURCE  AVAILABILITY  AND  I^NS 

OF  SATISFYING  IfflEDS 


Only  a G’.nall  amount  of  the  ground  water  resources  are  presently  de- 
veloped, with  132,000  acre-feet  being  pumped  In  1965*  The  maximum  esti- 
mated recoverable  ground  water  from  the  more  permeable  strata  in  the  upper 
1 100  feet  is  17  million  acre-feet.  An  additional  98  million  acre-feet  is 

not  readily  available  because  of  poor  permeability.  Consideration  of 
quality  and  economics  proliibit  large  scale  development  of  ground  water. 

1 Volume  of  siu'i'ace  water  resources  will  not  be  materially  affected 

by  watershed  treatment  or  management  practices.  Watershed  restoration 
I treatments  may  result  in  a small  decrease  in  total  streamflow  in  limited 

areas  accompanied  by  a significant  reduction  in  sediment  yield  and  flood- 
ing. Extremes  will  be  modified  to  a more  constant  flow.  Water  resoixrce 
management  in  iilgh  elevation  forests  and  alpine  areas  has  evolved  for  in- 
creasing water  yield  and  will  more  than  balance  losses  in  yield  by  water- 
l slied  restoration  in  otiier  areas.  If  weather  modification  methods  can  be 

perfected.  Increased  water  yield  will  be  realized.  There  are  sufficient 
water  supplies  to  meet  watei’  needs  under  development  of  the  regionally 
interpreted  ODERE  needs. 

I, 

Land  Resources 

The  region  area  totals  72.6  million  acres,  all  of  which  are  presently 
being  used  for  one  or  more  purposes.  Most  future  developments  will  be 
guided  by  the  multiple-use  concept.  lands  presently  suitable  and  avail- 
able for  development  are  (l)  grazing  lands  - 5^*6  million  acres;  (2)  com- 
mercial timber  production  - 9.*+  million  acres;  (3)  1.6  million  acres  pre- 
■ sently  irrigated  plus  a part  of  the  7 million  acres  poteritially  irrigable 

lands  without  considering  water  development;  (4)  dry  cropland  - 603,000 
ij  acres;  and  (5)  wilderness,  primitive,  outstanding  natwal  historical  and 

j ctiltural,  and  scenic  rivers  where  obtainable. 

« 

I Relatively  small  acreages  are  required  for  projected  development  of 

) (1)  urban,  industrial,  transportation,  and  utilities,  (2)  developed  recre- 

I ation,  fish  and  wildlife,  (3)  developed  minerals,  and  (4)  reservoir  sites. 

* About  4l  million  acres  need  to  be  managed  under  the  multiple-use  concept 

q as  key  habitat  for  wildlife.  Nearly  all  lands  are  available  for  extensive 

1 use  as  undeveloped  recreation  and  hunting  areas. 


Other  Resources  and  Related  Considerations 
Agriculture 

Irrigated  Cropland 

'Fhere  is  great  potential  for  Irrigation  development  of  over  7 million 
acres  of  irrigable  lands  requiring  full  water  supply.  About  549>300  acres 
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of  the  1,621,500  acres  of  presently  irrigated  land  are  in  need  of  supple- 
mental water.  Tlie  cotnplex  physiography  arid  geology  are  principal  factors 
governing  the  pattern  of  occurrence  of  the  potentially  irrigable  lands. 
Distribution  of  the  potentially  irrigable  land  is  shown  on  Table  33  and 
on  tire  tiiree  maps  following  page  98.  Irrigated  cropland  yield  increases 
expected  with  adequate  water  supply  and  good  cultural  management  are  showr. 
in  Table  3*** 

Means  for  increasing  production  on  presently  irrigated  lands  include: 
providing  s\ipplemental  water:  installing  drainage  systems;  improving  ir- 
rigation systems  to  conserve  water;  utilizing  ground  water;  adopting  cul- 
t'U'al  management  practices  including  use  of  improved  crop  varieties,  larid 
leveling  and  smoothing,  efficient  use  of  water,  and  fert i li zati oti. 

Means  for  development  of  new  irrigated  lands  include;  providing  full 
water  supply;  installing  on-farm  irrigation  systems;  providing  drainage 
where  needed  for  sustained  production;  adopting  cultijral  management  prac- 
tices for  efficient  use  of  water  and  latid. 

Dry  Cropland 

Most  suitable  areas  have  been  dryf armed  and  tlie  preserit  603,000  acres 
will  continue  to  be  dryfarmed  except  those  converted  to  other  uses. 

lands  suitable  for  dryland  farming  are  those  lands  that  will  produce 
profitable  crops  with  natural  raiiifall  and  have  soils  that  are  moderately 
deep  to  deep  with  a combination  of  struct'ire  and  texture  favorable  for 
absorbing  and  holding  moisture.  Summer  fallow  can  be  used  to  increase  the 
amount  of  moistijre  available  for  crop  production. 

Means  for  increasing  production  on  dry  cropland  include  improving  cul- 
tural management  practices  such  as  use  of  Improved  varieties,  conserving 
soil  moistvjre,  maintaining  soil  fertility,  and  reducing  water  and  wind 
erosion. 

Livestock  Grazing 


In  1965  about  60.U  million  acres  were  utilized  for  grazing  but  reduc- 
tion to  53-*+  million  acres  by  2020  is  expected  due  to  retirement  of  ut;suit- 
able  larid  and  conversion  to  other  uses. 

Essentially  all  increases  in  forage  productivity  must  come  as  a result 
of  increasing  production  on  the  remaining;  land.  Production  rates  vary 
from  less  than  one  acre  per  animal  unit  month  (AUM  amount  of  feed  or  forage 
for  one  mature  cow  and  calf  or  their  equivalent  for  one  montii)  to  50  acres 
per  AUM.  Forage  production  could  be  raised  significantly  on  the  majority 
of  tile  rangeland  as  indicated  in  the  tabulation. 
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Table  33  - Potentially  irrigable  land, 
Upper  Colorado  Region 
(thousands  of  acres) 


Hydrologic 
subregion 
and  State 

Class  1 

Class  2 

Class  3 

Class  4 

Total 

Nonirri- 
gable 
Class  6 

Green  River 

Wyoming 

70.1 

282.8 

176.8 

175.9 

705.6 

12,348.1 

Utah 

50.8 

237.7 

158.4 

82.9 

529.8 

10,070.2 

Colorado 

U6.3 

392.4 

260.8 

177.2 

876.7 

5,758.5 

Subtotal 

167.2 

912.9 

596.0 

1+36.0 

2,112.1 

28,176.8 

Upper  Main  Stem 

Colorado 

47.0 

400.7 

320.8 

174.2 

942.7 

12,575.3 

Utah 

11.4 

102.2 

56.7 

56.7 

227.0 

2,337.1 

Subtotal 

58.4  ' 

502.9 

377.5 

230.9 

1,169.7 

i4,912.4 

San  Juan-Colorado 

Arizona 

40.6 

221.4 

251.0 

148.6 

661.6 

3,749.0 

Colorado 

12.3 

115.7 

75.3 

42.1 

245.4 

3,269.1 

New  Mexi co 

70.3 

773.8 

1,034.8 

589.7 

2,468.6 

3,696.2 

Utah 

26.4 

174.2 

140.5 

60.1 

401.2 

9,749.7 

Subtotal 

149.6 

1,285.1 

1,501.6 

84o.5 

3,776.8 

20,4(^.0 

Region 

Wyoming 

70.1 

282.8 

176.8 

175.9 

705.6 

12,31+8.1 

Utah 

88.6 

514.1 

355.6 

199.7 

1,158.0 

22,157.0 

Colorado 

105.6 

908.8 

656.9 

393.5 

2,064.8 

21,602.9 

Arizona 

4o.6 

221.4 

251.0 

148.6 

661.6 

3,749.0 

New  Mexico 

70.3 

773.8 

1,034.8 

589.7 

2,468.6 

3,696.2 

Total 

375.2 

2,700.9 

2,475.1 

1,507.1+ 

7,058.6 

63,553.2 

Class  1 lands  are  suitable  for  continued  high  yields  of  climatically 
adapted  crops  under  sustained  irrigation  with  minimuin  costs  of  development. 
Class  2 lands  are  moderately  productive  or  require  moderate  costs  for 
development  and  management  because  of  slight  to  moderate  limitations  in 
land  characteristics.  Class  3 lands  have  restricted  productivity  for  most 
crops  or  they  require  relatively  high  costs  for  development  and  management 
because  of  moderate  to  severe  limitations  in  land  characteristics.  Class 
H lands  have  restricted  crop  adaptability  because  of  severe  limitations 
in  one  or  more  land  characteristics. 
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Table  3U  - Estimated  irrigated  cropland  yield  increases, 
Lfpper  Colorado  Region 
(Yields  per  acre) 


Crop 

Units 

1965 

2020 

Increase 

Alfalfa  hay 

Tons 

2.6 

4.1 

1.5 

Improved  hay 

Tons 

1.3 

2.4 

1.1 

native  hay 

Ton 

0.75 

1.0 

0.25 

Pasture 

AUM 

2.0 

4.1 

2.1 

Corn  silage 

Ton 

13.0 

22.0 

9.0 

Oats 

Bu. 

50.0 

'‘G.o 

23.0 

Wheat 

Bu. 

31.0 

60.0 

29.0 

Barley 

Bu. 

50.0 

73.0 

23.0 

Corn  grain 

Bu. 

70.0 

112.0 

42.0 

Orchard 

Ton 

4.4 

9-9 

5.5 

Sugar  beets 

Ton 

15.0 

25.0 

10.0 

Dry  beans 

cwt. 

18.0 

20.0 

2.0 

Truck  crops 

cvt. 

75.0 

159.0 

84.0 

Potatoes 

cwt. 

234.0 

320.0 

86.0 
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Animiil  unit  month--grazi ng  production  potential 


Ownership  category 

1965 

production 

Potential 

production 

Increase 

Percent 

increase 

(1,000) 

(1,000) 

(1,000) 

Federal 

3,292 

4,581 

1,289 

39 

Indian 

745 

1,788 

1,043 

14  0 

State  and  private 

1/^OQ 

2^ 

1,056 

56 

Total 

5,937 

9,325 

3,388 

57 

Means  for  obtaining  the  potential  grazing  production  involves  the 
following  programs:  improved  grazing  management  systems;  revegetation 

of  depleted  lands;  brush  and  weed  control;  fencing;  stock  water  develop- 
ment; protection  of  watersheds  from  erosion,  flood,  and  sediment  damage. 

Investments  in  grazing  management  systems  are  the  most  promising 
solution  to  secure  increases  in  forage  output  and  maintain  ecological 
stability  of  the  watershed.  These  systems  are  sequences  of  livestock 
grazing  by  area  designed  to  fit  the  tiining  and  intensity  of  harvest  to 
the  growth  habits  of  the  vegetation.  They  may  be  employed  for  combin- 
ations of  stock  and  on  both  native  and  introduced  vegetation.  These  sys- 
tems operate  by  manipulating  the  vigor,  cover  and  composition  of  the  vege- 
tation, together  with  the  stocking  rate,  season  of  grazing,  distribution, 
and  frequency  of  grazing  of  the  livestock.  Rest-rotation  systems  afford 
the  manager  the  opportunity  to  produce  the  maximum  amount  of  vegetation 
and  to  graze  (harvest)  it  at  or  near  the  peak  of  its  nutritive  value. 

This  is  especially  important  since  nutritive  value  of  forage  varies  con- 
siderably during  the  life  of  a plant. 

Timber  Reso\irces 


There  are  9*^  million  acres  of  forest  lands  which  are  presently 
(1965)  suitable  and  available  for  commercial  timber  harvest.  An  addi- 
tional 900,000  acres  of  commercial  forest  land  have  been  reserved  from 
production.  As  indicated  by  the  tabulation  on  the  following  page,  the 
preponderance  (73  percent)  of  the  growing  stock  volume  is  in  sawtimber 
trees . 

Futiore  harvest  of  sawtimber-size  trees  will  reduce  the  growing  stock 
volume  and  decrease  the  inventory  available  to  meet  the  projected  needs. 
This  makes  it  imperative  that  intensive  timber  management  practices  are 
accelerated  to  replace  the  volume  of  timber  harvested  and  increase  the 
capability  to  meet  future  needs. 
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Total 

growing 

stock 

Sawtimber 

trees 

Poletimbei' 

trees 

Sawtimber 

(million 

(million 

(million 

(million 

cubic  feet) 

cubic  feet) 

cubic  feet) 

board  feet 

Green  River 

4,299 

3,078 

1,221 

16,358 

Upper  .’-lain  Stem 

6,877 

4, '(31 

2,146 

25,803 

San  J'uan-Colorado 

3,3b9 

2,972 

617 

14,675 

Total 

14I545 

10,561 

37^ 

5^ 

Projections  of  net  annual  growth,  removal  (harvest),  and  inventory 
provide  the  basis  for  estimating  timber  supplies  that  will  be  available 
to  meet  anticipated  demands.  It  is  assumed  that  requirements  for  better 
access,  improved  management  practices,  and  other  considerations  necessary 
for  increasing  sustained  yield  will  be  met  during  the  projection  period. 
However,  certain  more  specific  assumptions  are  necessary.  One  such  set  of 
assumptions  indicates  more  plants  to  process  increased  volumes  of  veneer 
logs  and  pulpwood.  In  projecting  growth  and  inventory,  it  is  also  assumed 
that  as  a result  of  increasing  harvesting  and  intensified  management,  mor- 
tality losses  will  decrease  and  net  growth  rates  will  increase.  Another 
assumption  is  that  average  tree  size  will  be  smaller  in  the  future  and  as 
a result  there  will  be  less  sawtimber  volume  in  future  stands. 


Thie  graph  below  portrays  the  projections  of  growth  and  regional  needs 
(removal)  for  the  various  periods. 


1965 


1980 


2000 


2020 
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For  the  region  as  a whole,  current  (1965)  annual  removal  of  growing 
stock  is  about  38  percent  of  the  current  net  annual  growth.  Annual  grow- 
ing stock  removal  is  ])rojected  to  equal  growth  by  I983,  rising  to  120  per- 
cent of  growth  by  about  2012.  Subsequently,  although  removal  and  growth 
both  continue  to  rise,  the  difference  becomes  less  and  eventually  (some 
time  after  the  end  of  the  projection  period)  they  should  be  about  equal. 

Walershed  management  and  flood  control 
Watershed  ?ianagement 

The  means  for  satisfying  the  needs  of  upstream  watershed  protection 
and  flood  prevention  on  existing  forest,  rangeland,  cultivated  and  pasture 
land,  and  urban  areas  to  maintain  and  improve  watershed  conditions  are  as 
follows : 

Land  treatment  measiures 
Water  control  structures 
Resource  management 

Flood  Control 

The  13,000  acres  of  land  needed  for  flood  control  programs  is  avail- 
able for  levees,  channels  and  single  piurpose  reservoirs.  Other  means  for 
satisfying  flood  control  needs  include  improved  flood  forecasting,  water- 
shed treatment,  and  flood  plain  management.  Watershed  treatment  and 
floorl  plain  management  measiores  would  occur  on  lands  used  for  other  pior- 
poses . 


Industrial  activity 


Electric  Power 

Hydroelectric  plants  existing  and  under  construction  total  about 
1,323,867  KW  with  the  bulk  of  the  installations,  about  1,248,000  KW,  in 
the  Colorado  River  Storage  Project  (Flaming  Gorge  - 108,000  KW;  Glen  Can- 
yon - 950,000  KW;  Blue  Mesa  - 60,000  ; Morrow  Point  in  1970  - 120,000 

KW;  Fontenelle  in  I968  - 10,000  KW).  These  plants  and  others  scheduled 
to  be  constructed  (Crystal  in  1976  - 28,000  KW)  under  the  CRSP  will  likely 
remain  in  service  for  the  bulk  of  the  projection  period.  Sane  of  the  smal- 
ler and  older  hydroelectric  plants  may  be  retired  from  service.  Other  hy- 
droelectric plants  have  been  studied  in  the  region  with  a total  installed 
capacity  of  about  1,800,000  KW.  However,  it  is  unlikely  that  the  bulk  of 
these  will  be  constructed. 
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Thermal-electric  generation  has  received  great  impetus  recently  due 
to  demands  for  large  blocks  of  electrical  energy  for  export  to  adjoining 
regions  and  the  availability  of  very  large  coal  resources.  Many  large 
companies  are  actively  engaged  in  the  Investigation,  development,  and  cor;- 
struction  of  major  coal-fired  thermal-electric  plants  in  all  states  of  the 
region. 

Nuclear-fueled  powerplants  are  now  technically  feasible  but  are  not 
likely  to  be  economically  feasible  in  the  Upper  Colorado  Region  in  the 
near  future  due  to  the  competition  from  coal-fired  plants. 

Obtaining  required  cooling  water  for  the  planned  installations  is  a 
problem.  Because  of  the  limited  water  resources,  once-through  cooling  for 
dissipation  of  waste  heat  is  not  practical  for  general  use.  Use  of  cool- 
ing towers,  cooling  ponds,  or  some  combination  thereof  is  expected;  dry- 
type  cooling  towers  are  a possibility. 

Mineral  Resources 


Minerals  produced  in  significant  quantities  during  the  ly47-65  inter- 
val generally  are  available  as  reserves  or  resources  in  volumes  sufficient 
to  meet  all  foreseeable  normal  demands  through  2020  (Table  35)* 

Total  crude  oil  resoui'ces  are  about  6.7  billion  barrels,  of  which 
about  0.8  billion  barrels  are  reserve  and  about  5*9  billion  barrels  are 
predicted  additional  resource.  Of  the  total,  about  80  percent  is  in  the 
Green  River  Subregion  and  15  percent  is  in  the  San  Juan-Colorado  Subregion. 

Total  natixral  gas  resources  are  103  trillion  cubic  feet,  of  which  10 
trillion  cubic  feet  are  reserve;  about  85  percent  is  in  the  Green  River 
Subregion  and  12  percent  is  in  the  San  Juan-Colorado  Subregion. 

The  region  is  underlain  by  about  l4l  billion  tons  of  coal  distributed 
through  all  three  subregions  with  about  55  percent  located  in  the  Green 
River  Subregion.  About  one-half  the  resource  is  considered  recoverable 
(Table  36). 

The  oil  shale  deposits  of  the  region  comprise  the  largest  undeveloped 
energy  resource  of  the  United  States.  The  rocks  of  the  Green  River  forma- 
tion, portions  of  which  will  yield  "shale  oil"  through  destructive  distil- 
lation, underlay  about  25,000  square  miles  (16  million  acres)  of  land  in 
the  three-state  region  of  Colorado,  Utah,  and  Wyoming. 

Approximately  11  million  acres  of  land  are  underlain  by  oil  shale  of 
potential  value  for  commercial  development  in  the  immediate  future.  These 
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Table  35  - Principal  mineral  resources,  Upper  Colorado  Re,-»ion 


Resource 

Quantity 

Location  and  Remarks 

Uranium  In  saridstone 
Uranium  in  phosphate  rock 

127.000  tons 

175.000  tons 

Mostly  San  Juan-Colorado 
Green  River,  very  low  grade 

Vanadium 

2UO,000  tons 

Exploitable  within  uranium  deposits 

Thorite 

3,900  tons 

Upper  Main  Stem 

Helium 

Ul  billion  cu.  ft. 

2/3  Green  River,  I/3  San  Juan- 
Colorado 

Oilsonlte 

36  million  tons 

Green  River 

Bitumen 

15  million  barrels 

60  percent  Green  River; 

40  percent  San  Juan-Colorado 

Lend 
Zinc 
Copper 
Silver 
Placer  gold 

1.5  million  tons  ) 

2.5  million  tons  ) 
0.25  million  tons  ) 

555  million  ounces) 
2 million  ounces) 

Upper  Main  Stem  and  Can  Juan- 
Colorado 

Over  5 in  Upper  Main  Stem.  Most  of 
remainder  in  San  Juan-Colorado 

I ron  ore 

5 million  tons 

65  percent  Iron,  Upper  Main  Stem 

Molybdenum 

8 million  tons 

Mostly  Upper  Main  Stem,  tungsten 
as  byproduct. 

Phosphate  rock 

5,850  million  tons 

Mostly  Green  River 

Potash 

260  million  tons 

Mlnable  by  conventional  methods 

Pyrlte 

Multi-million  ton 
deposits 

Dolores  County,  Colorado 
50  percent  sulfur 

Trona 

67  billion  tons 

Source  of  natural  sodium  carbonate 

Sand  and  gravel 

Widely  distributed  throughout  the 
region 

Crude  ol  1 

6.7  billion  barrels 

Mostly  in  Green  River 

Natural  gas 

103  trillion  cu.  ft. 

Mostly  In  Green  River 

Coal 

l4l  billion  tons 

Widely  distributed 

Oil  nhale 

2 trillion  barrels 

8,000  square  miles  of  land  in 
Colorado,  Wyoming,  and  Utah 

Rock  asphalt 

15  billion  barrels 

Primarily  In  Utah 
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Table  36  - Coal  resources,  Upper  Colorado  Region 


Subregion, 
state , 
and  county 

lype 

of 

coal 

Quantity 

(million  short  tons) 

Measured  }J 

Indicated  ,i/ 

Inferred  —/ 

Green  River 

Wyoming 

Bituminous 

2,050 

6,379 

4,647 

Subbituminous 

229 

4,361 

2,123 

Colorado 

Bituminous 

9,650 

2/ 

23,186 

Subbituminous 

2,020 

2/ 

3,691 

Utah 

Bituminous 

4,289 

143 

13,588 

Green  River 

Bituminous 

15,989 

6,522 

41,421 

Subbituminous 

2,249 

4,361 

5,814 

Upper  Main  Stem 

Colorado 

Bituminous 

2,959 

2/ 

4,702 

Subbituminous 

863 

2/ 

1,185 

Anthracite 

4l 

2/ 

50 

Utah 

Bituminous 

134 

2/ 

2,000 

Upper  Main 

Antluracite 

41 

2/ 

50 

Stem 

Bituminous 

3,093 

2/ 

6,702 

Subbituminous 

863 

2/ 

1,185 

San 

1 Juan-Colorado 

Arizona 

Not  Inventoried 

Colorado 

Bituminous 

502 

2/ 

9,144 

New  Mexico 

BitiJininous 

49 

67 

3,969 

Subbituninoun 

515 

1,175 

26,724 

Utah 

Bituminous 

10,500 

San  Juan- 

Bituminous 

551 

67 

23,613 

Colorado 

Subbituminous 

515 

1,175 

26,724 

Region 

Anthracite 

4l 

2/ 

50 

totals 

Bituminous 

19,633 

6,589 

71,736 

Subbituminous 

3,627 

li^i6 

33,723 

Source:  U.S.  Geological  Survey 

!_/  Measured  resource  implies  a fairly  precise  estimate,  indicated 
resource  represents  an  intermediate  degree  of  estimation,  and  inferred 
resource  largely  is  based  upon  'eoloric  inference.  All  estimates  are 
traditionally  conservative. 

2/  Indicated  and  measured  undifferentiated. 
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deposits  include  high-cirade  shales  (more  than  2^  gallons  per  ton  and  at 
least  10  feet  tliick)  capable  of  yielding  600  billion  barrels  and  additional 
1,200  billion  barrels  are  potentially  available  from  lower  grade  deposits 
yieldii^g  15  to  25  gallons  of  oil  per  ton. 

rbctensive  saline  resotrrces  include  a wide  variety  of  saline  minerals, 
the  most  important  being  carnallite,  dawsonite,  gypsum,  halite,  nahcolite, 
sylvite  and  trona;  in  addition  subsurface  occ'urrences  of  high-density 
brines  contain  high  concentrations  of  calcium,  magnesium  and  potassium. 

Sand  and  gravel  and  cement  raw  materials  are  widely  distributed  in 
the  region.  Generally,  adequate  supplies  of  these  materials  can  be  devel- 
oped from  nearby  sources;  they  are  present  in  such  huge  quantities  that 
no  numerical  estimate  is  justified. 

The  means  of  satisfying  the  needs  and  demands  for  development  of  min- 
eral resources  are  throijgh  private  capital  investment  in  production  facil- 
ities. Essentially  only  raining  and  basic  nrocessing  now  exist  within  the 
region.  V.lien  economic  justification  and  technical  capability  materialize, 
an  expansion  of  local  milling  and  processing  may  be  expected  that  will  in- 
crease mineral  availability  for  national  needs. 

Recreation  - fish  and  wildlife 


Recreation 


Although  the  region  generally  contains  land  and  water  resources  iti 
sufficient  quantity  and  quality  to  meet  most  projected  resident  recreation 
needs,  there  are  several  very  real  restraints  that  may  result  in  the  ful- 
fillment of  only  a portion  of  needs  of  nonresidents.  Of  primary  Importance 
in  this  regard  is  the  fact  that  in  order  to  meet  these  needs,  many  lands 
that  now  are  in  a multiple-use  status,  that  now  include  low  Intensity  re- 
creation use,  would  have  to  be  cotiverted  either  to  primary  use  for  recrea- 
tion or  at  least  to  greater  intensity  of  recreation  use.  Before  such 
charges  were  made  in  an  attempt  to  meet  all  needs,  special  consideration 
should  be  given  to  preventing  deterioration  of  the  resoiu’ce  base  or  of  the 
recreation  experience  as  a result  of  recreation  over  use.  In  this  regard, 
the  unique,  high-quality  character  of  the  natural  resources  that  remain  in 
this  region  should  be  kept  in  mind  before  decisions  are  made  to  lessen 
these  qualtities  to  accommCKiate  intensive  use. 

Of  the  projected  water  ticeds,  it  is  estimated  tliat  about  64  percent, 
or  214,000  acres  will  be  accommodated  by  2000.  Wlien  put  in  perspective 
by  the  dominant  Influence  of  nonresident  recreationists  and  generally  ilry 
climate,  fulfillment  of  no  more  than  this  amount  of  the  water  need  is  not 
necessarily  bad.  This  is  primarily  an  arid  to  semi-arid  region  and  most 
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of  the  water  based  recreation  demand  which  previously  did  not  exist,  has 
been  generated  by  construction  of  large  reservoirs.  Also,  b'jdy  contact 
water  activities  are  not  coroinon  at  elevations  above  about  7)000  feet. 
Therefore,  part  of  tlie  unmet  water  needs  will  be  for  water  skiing  and 
swimming  and  it  may  be  more  realistic  to  meet  these  needs  elsewhere  or 
by  substitution  of  other  activities. 

Restraints  that  may  be  of  even  more  importance  tlian  tlie  availabilit;/ 
of  tlie  natural  resource  base  are  those  associated  with  costs  of  acquisi- 
tion of  land  for  the  non-Federal  sector,  development  of  recreation  and 
seiarice  facilities,  and  operation  and  maintenance.  Also,  legal  problems 
associated  with  cost  sharing  and  witti  access  upon  or  across  private  lands 
raigiit  affect  recreation  needs  satisfaction.  With  these  considerations, 
it  is  through  a caubination  of  development,  acquisition,  and  recreation 
management  programs  of  various  agericies  and  Interest  concerned  that  land 
and  water  areas  and  facilities  will  be  made  available  for  tiie  diverse  re 
fea' ion  ’.eeds. 

Fish  and  V.'ildlife 


In  general  there  are  ample  waters  available  to  satisfy  fisiiing  demand 
through  2020,  ass’oming  that  future  water  development  planning  will  recog- 
nize needs  for  releases  to  preserve  stream  habitat  and  for  minimum  fish 
cotiser-vation  pools  in  new  reseivoirs.  Tlie  fish  and  wildlife  programs  will 
f'lrther  improve  availability  by  placing  fisheries  where  there  are  local 
shortages  or  convenient  opportunities. 

The  only  exception  is  that  part  of  the  San  Juan-Colorado  Subregion 
in  Arizona  and  New  Mexico  where  shortages  will  occur  after  I98O.  The 
needs  for  water  for  fishing  were  estimated  on  the  basis  of  fulfillment 
with  new  fishing  impoundments.  However,  since  much  of  the  demand  will 
be  by  Navajo  Indians,  it  is  possible  for  them  to  find  fishing  on  other- 
purpose  reservoirs  anywhere  on  the  Reservation.  A few  potential  develop- 
ments in  the  Utah  portion  of  the  Navajo  Reservation  have  been  proposed. 

If  such  reservoirs  should  be  built,  it  would  be  possible  to  erase  the 
deficiency  for  Arizona,  and  also  accommodate  a small  part  of  the  unsat- 
isfied demand  assigned  to  New  Mexico.  TTie  only  other  possibility  for 
water  for  fisheries  in  Arizona  and  New  Mexico  would  be  recommitment  of 
undeveloped  water  now  dedicated  to  other  uses  or  purchase  or  transfer  of 
water  rights. 

The  situation  is  similar  with  respect  to  waterfowl  hunting.  Water 
needs  for  waterfowl  hunting  areas  in  Arizona  and  New  Mexico  indicate 
shortages  before  I98O.  The  only  apparent  means  to  acquire  the  amounts 
needed  would  mean  rededication  to  waterfowl  of  water  committed  for  other 
uses . 
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Ijands  for  fish  and  wildlife,  fishing  itnpoundnents , waterfowl  areas, 
and  big-game  areas  can  be  purchased  from  ranciies  or  withdrawn  from  pub- 
licly owned  lands.  It  may  be  assumed  that  such  lands  will  continue  to 
be  available. 

Availability  for  wildlife  of  the  key  iiubltat  areas  is  dependent  on 
liow  they  are  developed  and  matiaged.  Practices  tiiat  woiild  depreciate  habi- 
tat include  changes  in  land  use  in  the  iiigher  deer  and  elk  winter  ranges, 
major  reservoir  development  in  river  valleys  tliat  contain  good  moose  or 
waterfowl  habitat,  the  removal  of  sagebrush  in  sage  grouse  and  antelope 
ranges,  and  phreatophyte  control  in  moose  wintering  areas  along  water- 
coiu’ses.  However,  if  wildlife  conservation  Is  given  adequate  recognition 
as  a prominent  objective  of  development  and  management  in  the  key  habitat 
areas,  wildlife  habitat  will  remain  available,  and  its  capacity  may  pos- 
sibly be  improved. 

Fishing,  hunting,  and  fish  and  wildlife  resources  will  hopefully  be 
maintained  to  meet  future  demands  by  an  extension  of  present  programs. 

For  fish  management  such  programs  are  briefly  described: 

1.  Provision  for  minimum  pools  for  fish  conservation  in  multiple- 
purpose  reservoirs. 

2.  Provision  for  minimum  downstream  releases  from  new  reservoirs 
for  preservation  or  enhancement  of  stream  fish  habitat. 

3.  Construction  of  flsiiing  impoundments  to  provide  fishing  oppor- 
tunities in  localities  where  little  or  none  now  exists. 

i U.  Acquisition  of  water  rights  to  provide  minimum  pools  in  the 

j existing  reservoirs  that  can  now  be  enqjtied. 

' 5*  Road  construction  for  access  to  fishing  waters. 

6.  Construction  of  public-use  facilities  primarily  for  fishermen. 

i7.  Increased  hatchery  production. 

8.  Stream,  lake,  and  reservoir  habitat  improvement. 

' For  hunting  and  for  wildlife  these  programs  will  continue: 

■ 9*  Acquisition  or  withdrawal  of  lands  for  primary  use  as  big-game 

management,  especially  for  the  Imi^rovement  of  critical  winter  habitat. 

10.  Acquisition  or  witiidrawal  of  lands  for  primary  use  as  waterfowl 
areas . 
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II.  Range  plant  control  and  replanting  with  plants  of  value  for 
wildlife . 

1?.  Construction  of  watering  facilities  for  wildlife  in  arid  areas. 

13.  Fencing  to  aid  habitat  management. 

Ih . Management  of  multiple-use  lands  for  optimum  key  habitat. 

!'■ . Road  construction  for  hunter  access. 

16.  Introduction  of  new  wildlife  species  and  restocking  of  former 
range . 

Of  the  many  programs  listed,  only  numbers  S and  10  will  consume  signifi- 
cant amounts  of  water  allocable  to  fish  and  wildlife. 

Water  expoi’ts 

The  region  is  bounded  on  the  north,  east,  and  west  by  high  mountain 
ranges  whose  in-basin  slopes  constitute  the  major  water  contributing  areas 
of  the  region.  In  the  adjacent  areas,  population  expansion,  agriculture, 
and  industry  have  overshadowed  similar  in-basin  developments.  Thus  there 
became  a demand  for  transmountain  diversions.  Existing  compacts  and  agree 
meats  give  recognition  to  such  exports.  Additional  export  is  limited  by 
the  availability  of  water  and  the  desire  of  each  state  to  export  its  re- 
maining allotment  or  part  thereof. 

Physically  speaking  there  are  a number  of  opportunities  for  further 
expansion  or  new  exports  of  water  to  areas  adjacent  to  tiie  region.  The 
means  of  accomplishing  this  expansion  involve  additional  in-basln  storage 
reservoirs  to  compensate  local  uses  and  effect  control  of  season  runoff. 

Water  quality,  pollution  control, 
and  health  factors 

Tlie  means  for  meeting  water  quality  and  environmental  health  objec- 
tives include: 

1.  Iraplementation  of  an  effective  Colorado  River  Basin  salinity 
improvement  program. 

2.  Establishment  of  a mine  drainage  pollutloti  abatement  program. 

^ 3*  Expansion  of  State-Federal  water  quality  standards  to  cover  ad- 

ditional (luallty  criteria  and  to  include  intrastate  streams  where  this 
has  not  been  done . 
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U.  Modification  of  land  ai.d  water  ren  jce  ~u.unr':Tf::  '.  jr'i''*  I . 

5.  Ltudy  of  the  reLat ionshi p of  '-'.ini  iin  otrearrJ'low  t ■ 
as  a means  of  meeting  water  quality  requlremei.t.  . 

6.  Development  of  environ'  '.  vaJ  O'j..trol  programs  at  a 1 » i-vei.  jf 

government  to  support  present  pi'.>:r-i  . which  protect  tlie  nclio  fro^. 
health  hazards  from  air,  water,  a;  d vector-tor  a i;  . 

iicpansion  of  compreiiens.Lve  electric  : •'  ' '-ite  nl-.r.nlrur  *0 

minimize  adverse  environmental  effects. 


Military 


Suitable  lands  for  military -related  [I'U'poses  will  be  available  to 
meet  futui’e  needs.  Programs  will  be  developed  by  the  military  as  require- 
ments are  delineated  by  national  policy. 
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The  !>aaic  jjurpose  in  Tormulnt in/'  the  framework  plan  io  to  provide  a 
broad  t;;v>ide  to  outline  deve lopineiit  of  water,  land,  and  related  recoiorcec 
to  meet  regionally  interpreted  0BER3  and  asnociated  retiuirernents  to  the 
yeiix  2020.  Develop.ment  of  tiie  plan  incorporates  coordiixated  analyois  for 
all  water  and  related  land  use  with  consideration  of  constraints  imposed 
by  piiysiot'raphic  cliaracteristics,  the  oveiall  shorta/^e  of  water,  and  the 
letai  and  institutional  environments.  Plans,  goals,  and  needs  of  the 
states  and  other  localized  areas  were  also  considered. 

Water  allotments,  priority  of  use,  and  delivery  commitments  within 
tiie  terms  of  the  Colorado  River  Compact,  the  Mexican  Water  Treaty,  and  tne 
Upper  Colorado  River  Basin  Compact  set  forth  obligatioiis  which  were  con- 
sidered. Tiiese  i'actors,  along  with  separate  state  water  codes,  imposed 
significant  constraints. 

This  study  gives  cogni/.ance  to  enviro.'imentai  assets  for  a putter::  of 
fut'ure  devei,opment  which  will  preserve  or  eriliance  ttie  estiietic  and  healtii- 
related  atti’ibutes.  The  plan  includes  features  whicii  miniinis.e  adverse  en- 
vironmeiit  impacts  and  lai'gely  compensate  for  unavoiuable  effects.  Identi- 
I'ication  of  problems  in  this  study  should  permit  resolution  i.u’  so.ni'xl'-ts 
.and  allow  timely  .and  coordinated  use  of  the  resources  in  raeetin/:  future 
U'-m-anus. 


The  comprehensive  I'ramework  plan  is  based  upon  identii’ied  needs  and 
repu i la.-ments , usin/;  available  resources  to  meet  re/;;ionai]y  interpreted 
i/Bi-R.'  [irojections  through  the  year  2020.  This  plan  is  described  and  then 
: followed  by  a discussion  of  alternative  plans  that  rei‘li-ct  emphasis  on 
uiffer(;nt  uses  for  the  available  water  supi)iies  and  I'esources.  The  alter- 
native plans  are  identified  as; 

(1)  Ctates ' alternative  to  tiie  framework  plan  (u. million  acre- 
foot  level  of  development), 

(2)  Ctates ' alternative  at  the  8. I6  million  acre- foot  level  of  de- 
velopment, and 

(j)  States'  alternative  for  water  supply  piiysically  available  at 
site  in  the  region  million  acre- feet). 

Consideration  was  initially  given  to  formulation  of  a plan  to  meet 
Uie  needs  contained  in  the  19d8  OBIKS  projections.  Plans  were  not  de- 
velofied  because  ol'  basic  inconsistencies  in  tiie  agricultural  projections 
and  need  to  conform  to  planned  and  (uiticijjated  development  in  tiie  min- 
erais. , timber,  and  power  sectors. 
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It  ;;hi)uld  ou  nut.r'l  that  thev-c  atudier;  were  made  to  demonstrate  cer- 
tain levels  el'  wat  ei’  i-esour  -e  development  and  tdiut  tliese  studies  shall 
pre,;udiee  the  j)'isitiori  of  either  the  Upper  oi-  I,<<wer  Basin  Interests 
r<  . pe'd  to  reipiire'd  del  Ivei'ies  at  Lee  Ferry  ]>urs\iant  to  the  Colo- 
.-ii,’  i-.iver  . In  paj’tirular,  the  depletions  are  site- l(;.;ated  and 

■ net  ne.-ens.-tr  i ly  j-'i'lect  direct  relationships  to  strearnfl  ow  dirninisli- 
m(-nt  nt  ! Ferry,  Arizona. 


I'Yainework  Plan 


Rirpose  and  surnmary 

The  framework  plan  broadly  outlines  development  of  the  region's  water 
and  related  land  resources  to  meet  the  regionally  interpreted  OBKRF  pro- 
jections with  minimum  adverse  effects  on  the  environment.  Most  project 
develoj'ments  and  structui’es  have  not  been  site- located . liirther  engineer- 
inf,  economic,  and  environmental  analyses  will  be  required  in  detailed 
plaiaiing  for  tlie  individual  segments.  Estiire-ites  of  costs  and  general  ade- 
quacy of  plans  are  discussed. 

Water  depletions  will  increase  to  6-^h‘p  million  acre- feet  by  2020 
while  all  of  the  region's  land  resources  will  receive  continued  and  more 
intensive  use.  Population  will  approximately  double  from  366,000  in  1965 
to  680,000  by  2020. 

Lticai  needs,  for  imniieipal  and  industrial  water  supply  (excluding 
powei’,  minerals,  and  agr icultui’o)  will  remain  small  when  compared  to  the 
total  wJiter  ur:<-.  iditure  recreation,  sport  fishing,  and  hunting  demand  by 
residents  and  nonresidents  will  require  a continuation  and  extension  of 
present  programs  and  rrtinagement  practices. 

Projected  tot.al  gross  output  for  agricultural  products  to  meet  demands 
and  needs  would  more  than  double  for  most  subregions  and  sectors  of  produc- 
tion. Livestock  and  livestock  products  .-uid  food  and  field  crops  are  the 
m/tjor  sectors.  Pi-oduction  on  existing'  irrigated  cropland  would  increase 
and  ^00 ,60()  acres  of  additional  li-rigated  land  would  be  brought  into  pro- 
duction. 

Output  of  timber  products  is  projected  to  Increase  seven  times  to 
3^0  million  cubic  feet  due  largely  to  demands  I'rom  outside  the  basin. 

Transmountain  diversions  from  the  region  would  triple  to  about  1.6 
million  acre- feet  to  meet  a portion  of  the  demands  for  mimic ipal , indus- 
trial, and  irrigation  writer  in  adjacent  regions.  Outflow  to  the  Lower 
Colorado  Region  would  continue  as  required  by  the  Colorado  River  Compact. 

Tlie  cajiacity  of  electric  powerplants  will  be  about  19  times  as  great 
by  2020  as  in  1965-  Local  use  plus  reserve  will  require  about  1.8  percent 
of  the  total  generation. 
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Value  of  mineral  production  in  the  region  is  expected  to  increase 
from  $5i43  million  in  I965  to  $^,01^4  million  in 

Fllements  of  plan 


Present  Base  (I969) 

The  agricultural  base  in  the  region  is  p2-imarily  a cow-calf  and  sheep 
enterprise  utilizing  I.5  million  acres  of  irrigated  and  dryland  feed  crops 
and  60  million  acres  of  Federal  and  private  grazing  land.  Also  marKeted 
are  cash  crops  from  50>000  acres,  such  as  fruit,  sugar  beets,  Moravian  malt- 
ing barley,  and  vegetables.  Dry  beans  and  wheat  are  also  grown  as  cash 
crops  on  30ij000  acres  of  both  dry  and  ii-rigated  farms.  Presently  1?^,./J0 
acres  of  irrigated  land  are  idle  and  185,000  aci-es  of  dry  cropland  are  not 
cropped  annually. 

Industrial  development  in  the  basin  represents  a substantial  part  of 
local  economic  activity.  Remote  location,  limited  supply  of  Labor,  and  un- 
availability of  capital  resources  have  effected  growth.  Petroleiun,  molyb- 
denum, coal , uranium,  and  trona  dominate  present  production  and  value  in 
the  mineral  industry.  Themel- electric  power  generation  utilizing  local 
coal  resources  has  an  installed  capacity  of  1,335  megawatts.  Timber  prod- 
ucts harvested  in  1965  amounted  to  53-0  million  cubic  feet,  of  which  about 
half  or  311  million  board  feet  were  sawtimber. 

The  region  is  part  of  one  of  America's  outstanding  recreation  and 
tourist  areas  in  a quality  environment  setting.  Abundant  fishing  and  hunt- 
ing exist  for  both  residents  and  nonresidents. 

Main- stem  storage  development  provides  33  million  acre- feet  of  stor- 
age regulation  to  meet  outflow  requirements  from  the  region  and  allow  for 
regional  development.  These  facilities  include  I ,300  megawatts  of  in- 
stalled capacity  for  hydroelectric  power  and  have  a Large  potential  for 
water- based  recreation. 

New  Proposals 

Agriculture.-- Potential  programs  for  increasing  production  of  crops 
and  Livestock  and  livestock  products  include  developing  new  irrigated 
land  and  increasing  production  on  the  present  irrigated,  dry  cropland, 
and  grazing  lands. 

Irrigated  cropland  development. --Irrigated  cropland  in  the  basin 
would  increase  from  the  present  base  of  1.6  million  acres  to  2.1  million 
acres.  New  li'rigated  land  totaling  587>600  acres  will  be  needed  by  2020 
to  meet  additional  needs  and  replace  87,000  acres  lost  to  urbanization  and 
other  uses.  Production  on  present  lands  would  be  Increased  by  structural, 
cultural,  and  mana*>;ement  practices. 
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Pcii-ticipating  projects  of  the  Colorado  River  Stora(j;e  Project 
authorized  or  funded  for  construction,  Ln  advance  plannirijj;,  or  urider  pre- 
construction  studies  would  develop  water  i'ot  j6^<,000  acres  of  new  irri- 
gated land  and  supplemental  water  for  253 >000  acres.  This  includes 
110,600  acres  of  new  irrigated  land  in  New  Mexico  for  the  Navajo  Indians. 

In  addition,  selected  potential  participating  projects  of  the 
CRSP  would  bring  into  production  lj6,000  acres  of  new  irrigated  land  and 
furnish  supplemental  water  to  73,000  acres. 

Non- Federal  development  would  bring  into  production  87,000  acres 
of  new  irrigated  land  and  i'urnish  supplemental  water  to  95>000  acres  pres- 
ently being  irrigated. 

Ninety  reser'/oirs  with  a storage  capacity  of  2.1  million  acrc- 
feet  would  be  built  for  the  primary  purpose  of  supplying  irrigation  water. 
However,  they  will  also  be  multipurpose. 

An  estimated  176,000  acres  or  jO  percent  of  the  newly  developed 
land  will  require  on-farm  and  project-type  drains.  Development  of  new 
irrigai.ed  land  requires  installation  of  new  canals  and  ditches,  land  lev- 
eling and  smoothing,  and  water  control  structures. 

Increased  production  on  presently  irrigated  lands  would  be  ob- 
tained by  development  of  supplemental  water  for  ^21,000  acres,  drainage 
of  437 >000  acres,  irrigation  system  improvement  on  911 >000  acres,  in- 
creased water- use  efficiency,  and  use  of  improved  cultural  management 
practices. 


Dry  cropland. --About  100,000  acres  of  the  603,000  acres  of  pres- 
ently dry  cropland  would  be  transferred  to  other  uses,  primarily  to  irri- 
gation. Improved  cultural  management  practices  applied  to  dry  cropland 
would  result  in  a small  increase  in  yields.  The  programs  for  increasing 
production  on  these  lands  include:  (l)  use  of  improved  plant  varieties, 

(2)  fertilizatio'-.,  (3)  reduction  of  erosion  by  contour  and  cross-slope 
tillage,  (U)  constructing  100  miles  of  diversion  ditches,  (5)  establish- 
ment of  grass  waterways  covering  3 >000  acres,  (6)  fall  chiseling  on 
100,000  acres  annually  in  areas  of  deep  snow  accumulation,  and  (7)  l-in>- 
ited  tillage  using  stubbie-mulch  methods  on  150,000  acres  annually. 

Grazing  development. --Fora{;e  on  range  and  forest  land  would  be 
increased  L.j  million  animal  unit  months  of  grazing.  In  spite  of  unsuit- 
able lands  bein(>;  retired  to  other  uses,  overuse  and  abuse  being  curtailed, 
and  demands  of  grazing  land  for  other  uses,  total  production  will  increase 
20  percent.  The  program  for  obtaining  the  increased  production  includes 
management  prfictices,  land  treatment,  and  installation  of  structures. 

(Gee  Tables  37  ^ad  38  listing  these  practices.) 

Timner  pro^luction. -- In  order  to  meet  projected  needs,  the  out- 
put of  timber  products  must  be  increased  to  seven  times  tiie  1965 


L 


Ilk 


FART  7T 


PAKl'  VI 


FPLAMl'WORl-;  PlViK  AND  ALTERIM’IVES 


productioii.  This  capability  wlLI  be  determined  by  the  fimount  of  forest 
land  i-emoved  from  timber  production.  The  programs  to  be  instituted  to 
obtain  such  production  are:  (l)  ^42  marketing  and  utilization  studies, 

(2)  852,000  acres  of  thinning  and  pruning,  (3)  tree  planting  and  seedi.ng 
i*25,000  acres,  and  (h)  timber  inventory  of  y.6  million  acres.  (See 
Tables  jY  and  38  enumerating  programs. ) 

Watershed  management  and  flood  control 

Watershed  management . - -Average  annual  upstream  watershed  dam- 
age is  presently  ^.71  million.  This  will  increase  to  $25.6  million  oy 
the  year  2020  if  no  additional  protection  programs  are  initiated  after 
1965  hue  to  population  growth  and  economic  activity.  The  program  of  up- 
stream watershed  management  practices,  including  land  treatment  and  water 
control  structures,  is  listed  in  Tables  39  tind  4o.  Mari-created  erosion 
■ind  sediment  production  and  associated  damage  will  be  decreased  ho  to  'jO 
percent.  Upstream  flood  and  sediment  damage  will  be  reduced  jO  to  50  i>er-- 
cent. 


Flood  control. --Average  annual  flood  damage  in  the  region  would 
increase  to  an  estimated  value  of  $10, 551 >000  by  year  2020  with  no  addi- 
tional flood  control  measures  after  I965  due  to  population  growth  and  i.n- 
creased  economic  activity.  A flood  control  plan  consisting  oi'  flood  con- 
trol stora.g,e  in  reservoirs,  levees,  and  channels;  improved  flood  forecast- 
ing; land  treatment;  and  other  nonstructural  measures  would  reduce  the 
estimated  average  annual  flood  damage  by  $6,7^^^' >000  or  would  eliminate 
about  65  percent  of  the  amount  that  would  occur  without  the  program.  The 
structural  components  of  the  plan  are  shown  in  Table  ^1.  Nonstructural 
.measures  such  as  zonin(^,  flood  proofing,  use  of  building  codes,  subdivi- 
sion regulations,  and  other  similar  techniipues  to  limit  flood  damage  at 
the  principal  urban  areas  of  the  region  are  also  included  in  the  plan. 

Industrial  activity 

Thermal -electric  power  development .-- By  2020  additional  plants 
will  be  installed  with  a capacity  of  h0,8;?o  megawatts,  bringing;  the  total 
installed  capacity  to  i*2,08l  megawatts  of  thei'mai-electric  power.  Sev- 
eral. sm-all  plants  will  be  retired  during  the  development  period.  Table 
h2  shows  location  and  size  of  these  power  installations  and  retirements 
from  the  system. 

Minerals. -- Increased  development  of  mineral  fuels,  primarily 
petroleum  and  uranium,  together  with  bulk  metal  and  nonmetal  production 
of  phosphate,  potash,  molybdenum,  and  trona  are  foreseen.  Coal  produc- 
tion will  be  adequate  to  meet  needs  for  thermal  power  generation.  Table 
i»3  indicates  the  projected  value  distribution  of  the  mineral  industry 
by  subregion  and  time  frames.  Oil  shale  developments  were  excluded  be- 
cause there  was  no  history  of  this  Industry  to  project. 
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Table  i(l  - Flood  control  programs 
Framework  plan 
Upper  Colorado  Region 


Subregion 

Time 

frame 

Multiple- 
purpose 
reservoir 
capacity 
( 1 ,000 
acre- feet ) 

Land 

treat-, 

raenti/ 

(1,000 

acres) 

Single 
Reservoir 
capacity 
(1,000 
acre- 
feet  ) 

- purpose  prof'irams 

Levees  Channels 

(miles;  (miles; 

Green  River 

1980 

h66 

97k 

21 

0 

0 

2000 

123 

1,302 

it6 

5-k 

2020 

75 

527 

28 

0 

0 

Upper  Main  Stem 

1980 

1,172 

6itl 

7 

0 

3.0 

2000 

293 

873 

20 

2.0 

0 

2020 

0 

308 

6 

0 

0 

San  Juan-CoLorado 

1980 

1 

797 

2 

0 

0 

2000 

0 

99k 

ll 

0 

i).0 

2020 

20 

766 

6 

2.0 

0 

Region 

1980 

1,639 

2,i)l6 

30 

0 

3-0 

2000 

i*l6 

3,099 

80 

7-k 

7.6 

2020 

95 

1,601 

ko 

2.0 

0 

Region  total 

2,150 

7,112 

150 

9-k 

10.6 

1/  Included  In  watershed  raanagement  profjrara. 
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Table  - Projected  value  diotributlori  amonc, 
sectors  oT  the  rniueraLs  iufiustry 
Framework  plan 
Upper  Colorado  Region 
(Unit-- thousands  of  191^8  dollars) 


Cubre^ion  and  minei'ais 

1980 

2000 

2020 

nreen  River 

Oil  arid  gas 

172,000 

155,700 

48,000 

Coal  and  gilsonitr- 

8i*,ooo 

358,500 

j42 , 200 

Uranium  and  nonfuels 

244,200 

269,700 

49'9,20'.; 

Cubregion  total 

500,200 

Yd  ',900 

080, 4(X) 

Upper  Main  Ptem 

Coal 

20,000 

39,000 

37, '000 

Oil  and  gas 

4,00C: 

3,600 

1 , 100 

Uranium 

426,900 

j92.00J 

392,':XJO 

: 1 1 nc 

20,800 

20,800 

2- ,-,800 

Ail  others 

8 ,6C)0 

11  ,',600 

136,600 

;'ubregion  total 

5'  9 j 5OO 

575,000 

5C'7 , 500 

Can  Juan-Colorado 

' Coal 

b5,ooo 

127,000 

122,000 

1 Oil  and  gas 

124,300 

124,500 

85,200 

j Ur’anium 

24o,4oo 

244 , joo 

298 , 600 

All  other 

JY,000 

29,800 

31,700 

1 Pubregion  total 

467,200 

525:6'  " > 

53Y,5"0 

' Ferio:.  *.o‘ al 

1,532.700 

1.884,500 

2,0l4,4t.V 
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’■IunL>'ipul  :uid  indum,ri-'il  writer Future  muni--ip;ii  una  Inductriai 
water  CMppIy  x’equlrementG  will  be  met  by  develop Lri/'  additional  nuid'ace  and 
ground  water  sources.  In  a few  isolated  e-ases , needs  will  ue  m*-t  tjy  con- 
versions of  irrigation  use  to  municipal  and  industrial  uses.  The  amount 
cf  water  these  convei'sions  represent  is  small,  l;OweV'--r.  Use  of  surface 
sources  will  ue  by  far  the  most  common  means  and  account  for  the  Largest 
segment  of  meeting;;  the  futiire  needs.  Tliis  is  borne  out  by  the  fact  that 
authorized  projects  are  underway  or  will  ne  constructed  soon  in  all  major 
areas  of  expanding  needs.  Wtiere  populations  are  lightly  concenti'ated , 
multlpurpC'Se  projects  have  been  planned  and,  in  many  _'ases,  are  authorized 
with  more  than  an  adequate  allocation  for  the  municipal  and  industrial  re- 
quirements developed  from  projections. 

Because  of  the  rural  character  of  tiie  region,  however,  there  are 
wide  areas  where  small  commuiiity  systems  will  be  developed  by  non- Federal 
fuTids . 

After  considering  the  spatial  relation  of  future  needs  to  the  de- 
livery ;ireas  of  authorized  projects,  it  was  estimated  that  3U,  20,  and  iu 
percent  of  the  future  needs  in  each  ti.ne  frame  projected  for  tiie  Green 
River,  Upper  Main  Utera,  and  Dan  Juan-Coiorado  Suuregions,  respectively, 
would  be  met  by  non- Federal  development. 

Self- suppi Led  systems  delivering  ground  water  will  continue  to 
mitke  up  a small  portion  of  the  future  industrial  supplies.  The  program  in- 
cludes installation  of  water  development,  conveyance,  and  treatment  facil- 
ities. 

Recreation  and  Fisii  and  Wildlll'e 


Recrea b Ion . - - Recreat ion  land  and  part  of  the  water  facilities 
will  be  made  available  for  resident  and  nonresident  use,  totaling  on  in- 
'•rease  of  aoout  lyO  million  recreat  ion- days  by  202".  About  ^35?  acres 
of  additional  land  will  be  developed  for  recreation  needs.  Undeveloped 
lands  will  be  managed  for  optimum  recreation  use  as  well  as  other  compat- 
ible uses.  About  21^t,000  water  acres  will  be  suitable  for  meeting  recre- 
ation needs;  this  includes  165, OCX)  acres  presently  available  but  which, 
for  various  reasons,  is  not  used  for  recreati.jn. 

Other  programs  to  meet  needs  include  existing  multiple-use  land 
primarily  for  recreation  purposes.  In  addition,  many  large  e.xisting  recre- 
ational arcus  could  jrovlde  more  opportunities  if  more  access  roads  were 
built.  Tills  would  increase  operating  efficiencies  at  areas  pi-eseiitly  not 
being  used  to  cupicity.  In  some  instances,  access  might  be  obtained  by 
some  me'ans  othei-  than  roads,  such  as  cable  lifts  oi-  monorails,  by  buses 
rather  than  cars,  or  through  more  extensive  use  of  hiking  -md  riding  trails. 

It  is  important  that  detailed  laud  use  studies  be  completed  to  de- 
termine the  best  uses  of  all  lands  in  the  region.  As  a part  of  tliis  type 
analysis,  optimum  carryiii/’;  cajiaclties  of  i’eci’eation  liuids  should  be  estab- 
lished and  tne  areas  administered  accordIn<;Ly  to  prevent  deterioration  of 
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'he  rf'Source  base  and  to  ensure  'quality  experience  to  the  recreatlor^ists . 
Since  most  of  * he  demand  for  recreation  opportunit.ies  is  generated  by  non- 
residents of  tile  region  and  the  quality  of  'he  region's  recreation  resour^-e 
is  still  relaMvely  high,  special  care  should  be  ' aken  to  ensure  well- 
planned  development  of  facilities,  and  measures  should  be  initiated  to  pre- 
vent overdevelopment,  overuse,  or  misuse. 

Special  efforts  will  be  made  to  increase  opportunities  for  recre- 
ational use  of  water  in  streams  and  reservoirs.  This  will  require  r jad  con- 
struction. right-of-way  acquisition,  maintenance  of  water  quality,  and  re- 
vised legisla'ion. 

Many  portions  of  existing  streams  and  reservoirs  are  limited  to 
use  by  a relatively  few  people  because  of  physical  and  legal  restraints. 

Bot.h  are  factors  that  distort  the  ctimputation  of  projected  needs  for  rec- 
reation water.  In  other  words,  although  no  needs  for  additional  wa'er  are 
shown  before  2020,  there  is  considerable  need  'o  make  more  effec' ive  recre- 
ational use  of  exist.ing  water. 

An  easily  overlooked  and  difficult  problem  that  relates  direcly 
to  'he  enjoyment  of  the  region's  recreational  resources  by  a majority  of 
nonresidents  concerns  the  availability  of  service  facilities,  especially 
lodging  and  restaurants.-  The  sparse  distribution  of  resident  pcpula‘ion 
and  the  few  'videly  spaced  urban  concentrations,  coupled  with  a short  sea- 
son of  high  use,  make  operations  of  this  kind  difficult  to  turn  a profi* 
and  employ  well-trained  help.  Development  oriented  to  year-round  rather 
than  seasonal-type  use  might  alleviate  part  of  this  problem. 

Fish  and  wi Idli fe . --Plans  and  programs  for  sport  fishing  facili- 
ties, including  fishing  impountiments , access  developments,  fish  hatcheries, 
and  habitat,  improvement  and  managemFjnt,  are  planned  to  meet  a fishing  de- 
mand which  will  more  than  double.  Sport,  hunting  facilities  and  programs 
including  land  acquisition  and/or  development,  access  roads,  and  habit.at 
mfinagement  and  improvement  are  planned  for  a hunting  demand  which  will  al- 
most double.  Table  liA  lists  the  projected  programs. 

Export  of  Water 

Facilities  for  exporting  water  from  the  basin  to  meet  industrial,  munic- 
ipal, and  full  and  supplemental  irrigation  needs  have  been  built  with  a po- 
tential for  increased  diversion.  Others  are  under  construction  or  planned 
for  construction.  In  Colorado  existing  facilities  and  enlargements  of  col- 
lection systems  will  provide  most  of  the  capacity  for  export.  Some  projects 
are  under  construction  or  are  planned  for  construction  In  near  future.  The 
Can  Juan-Chrxmrt  Project  export  facilities  it,  Colorado  and  New  Mexico  are  under 
construction  for  export  of  110,000  acre-feet  to  the  Rio  Grande  Basin  In  New 
Mexico.  In  addition,  a study  Is  underway  to  determine  if  It  wiuld  be  econom- 
ical to  divert  7,^00  a^-re-feet  of  water  from  Navajo  Reservoir  to  Gallup  for 
municipal  use.  Utah  is  In  the  pr  icess  of  enlarging  its  facilities  to  export 
166,000  additional  acre-feet  of  '«rater  from  the  Uinta  Rfisin  to  the  Great  Basin 
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Tab'.-.'  U4  - Pro.ifi't.'-d  .'•.por'. 

fishing  and  sport  hunl.lng 
Framework  plan 
Upper  Colorado  Region 

fa- i lilies  and 

program:; 

I'a-'c- 

i>;.80 

pv-i- 

.‘000 

2001- 

2020 

Total 

0or..‘‘.  ru-'t  Ion  of  riohing 
imfKMUKlmf'ntE  (a-re:’)l/ 

Sport  Fishing 

8,923  2,200 

3,290 

14,413 

Acq-: ; i tion  of  rc.--rvoIr 
■-at  - r righto  (ncrp-feot) 

MVil 

3,000 

- 

12,192 

Keser/oir  fU;hlrig 
li-ao---.':  (units) 

J 

J 

6 

5 

14 

A >!.'volonm’:-nt 

S<  r'-a.nsi  if'  or  lake- 
side (miles) 

53 

70 

70 

193 

Reals  (miles) 

305 

400 

400 

1,105 

Publ i-'-u;;e  facilities 
(units) 

65'* 

1,300 

1,400 

3.354 

Fish  hat-'heries  (unlt.s) 

c 

y 

1 

3 

9 

iiabitat  Improv'-mont 
;tt  n-am  (miles) 

1,317 

1,750 

1,750 

4.817 

rmpounciment  or 
lake  (acres) 

2,412 

3,200 

3,200 

8,612 

Fish  Introduction^/ 
(number  of  . pe-cies) 

2 

- 

- 

2 

[and  acquisition  and/or 
development  for 
Big  game  (a'-res) 

Sport  Hunting 

37,'i20  50,000 

50,000 

137.420 

Waterfowl  (acres)V 

47,8i4 

4,100 

5,000 

56.914 

Access  development 
Roads  (miles) 

200 

270 

270 

?4o 

Habitaf  improvement 

Range  plant  management 
(acres) 

295,159 

400,000 

400,000 

1,095.159 

Waterliole  development 
( units) 

573 

750 

750 

2,073 

Fencing  (miles) 

711 

1,000 

1 ,000 

2,711 

F.pecles  management 

Wildlife  .stocklngiy 
(number  of  species) 

10 

10 

]/  Acn'ftgn  Inclu'ies  land  an  i water 
• 7 Ix>nK-rring'-  proJf?ri  ions  wnrerl.nin 

requirements 
because  of 

rnseumh  natur»* 

of  the 

program. 

j/  Nnedn  bt*yond  i960 

friQy  chang'*  on 

the  basis  of 

ov^rnll  Hyway 

require- 

mi'Ota . 
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through  the  Bofineville  Unit  of  the  Central  Utah  Project.  This  figure 
includes  2Q, 500  acre-feet  of  reservoir  evaporation  associated  with  the 
t ran smoun tain  diversion.  Other  developments  are  under  study  wiiich  could 
increase  the  total  up  to  V ’/'GO  acre-feet.  V/yoming  has  constructed  a 
part  of  the  Cheyenne -Laramie  t ransmountaln  diversions  which  will  have  an 
ultimate  capacity  of  31»000  acre-feet,  and  plans  include  additional  diver- 
sion of  15-‘,000  acre-feet  to  the  North  Platte  River  start ing  in  I98O. 

Water  llty,  Pollution  Control,  and  Health  Factors 

All  agencies  and  organizations  involved  in  making  decisi  3 about 
land  and  water  resource  use  must  continue  to  strengthen  t!i-  programs  for 
water  quality  management.  This  extends  beyond  those  agencies  spec i f i'-ally 
charged  with  water  pollution  control--although  *he  primary  responsibility 
rests  with  t.hem--to  all  governmental  a'lthorities  having  lesser  interests 
or  control  over  activities  that  affect  water  quality.  Development  of  com- 
plementary and  mutually  supporting  programs  by  local,  state,  and  Federal 
agencies  will  aid  in  meeting  w£s,ter  quail  t.y  onjectives. 

The  search  for  solutions  to  'he  water  quality  problems  must  necessar- 
ily extend  to  an  examination  of  existing  legal  systems  and  institutional 
arrangements  to  determine  their  efficacy  ir.  implementing  any  proposed  plan 
for  the  nuinagement  of  water  quantity  and  qv.ality. 

Because  of  the  complexity  and  patterns  of  water  uses,  the  varied  wa- 
ter quality  requirements,  and  the  special  requirements  that  may  be  needed 
to  maintain  the  quality  of  recreational  lakes,  pollution  control  programs 
should  f'  into  an  overall  scheme  for  water  resources  management  for  an 
entire  river  basin.  Detailed  basinwide  planning  for  water  quality  control 
is  essential  to  combat  problems  associated  with  salinity,  nutrients,  mine 
drainage,  and  electric  power  production.  Continuing  studies  of  the  water 
quality  problems  anticipated  are  recrimmended . The  maintenance  of  an  ac- 
ceptable level  of  water  quality  will  become  increasingly  vital  to  the 
economy,  envirotiment , and  general  well-beirig  of  the  people. 

That  portion  of  the  Colorado  River  Basin  salinity  improvement  program 
located  in  the  Upper  Colorado  Region  and  outlined  in  the  Water  Quality, 
Pollution  Control,  and  Health  Factors  Appendix  consists  of  a salt  l^-iad  re- 
duction program.  This  portion  of  the  salinity  improvement  program  would 
attempt,  to  maintain  concentrations  at  Lees  Ferry  at  about  6OO  mg./l.  Ele- 
ments of  the  salinity  control  program  located  in  the  region  include  irri- 
gation system  improvements,  desalination  of  springs  near  Glenwoixl  Springs, 
Colorado,  ar.d  : .vpass  of  a reacii  of  tire  Dolores  River.  Tire  techr.ical 
feasibility  of  t.hese  projects  needs  to  be  proven  before  implementation  of 
any  program.  In  addition,  arrangements  for  financing  will  require  further 
study . 

Me'h'Xin  f'lr  cont.rol  Hng  mine  drainage  have  not  becur  d<‘veloped  for  '.ire 
"hardrrv-k"  mines  of  tire  Wc-st.  Researcii  uri'l  i"monstra)  ior,  projiects  are  needed 
to  show  the  feasibilit.y  if  abatr-ment  measurf-s  prior  to  implementation  of  a 
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program.  Restoration  of  disturbed  areas  and  control  and  stabili- 

zation of  the  tailings  piles  left  after  the  processing  of  uraniiom  and 
other  metallic  ores  should  be  continued  to  reduce  erosion  and  the  contam- 
inatiori  of  water  courses  by  the  radioactive  materials  and  heavy  metals 
transported  with  the  sediments.  The  distribution  of  the  mine  draitiage 
problem  is  such  that  a large  percentage  of  the  investment  in  an  abatement 
program  would  involve  mines  that  are  no  longer  operating  and  have  no  sig- 
nificant potential  for  pr^jducing  any  revenues. 

As  a part  of  the  water  quality  standards,  each  state  in  the  region  es- 
tablished a minimum  requirement  of  secondary  treatment  or  its  equivaleiit 
for  municipal  and  industrial  wastes.  Advanced  treatment  methods  are  expected 
to  be  required  in  some  areas,  iiowever,  in  order  to  remove  nutrients  from 
waste  waters.  Water  quality  managements  plans  are  urgently  needed  in  these 
areas  to  find  economical  and  efficient  solutions.  It  is  assumed  that  tech- 
nological advancements  will  result  in  progressively  higher  efficiencies  of 
waste  removal  by  secondary  treatment  throughout  the  study  period.  Removal 
of  dissolved  salts  from  municipal  and  industrial  effluents  for  the  specific 
purpose  of  alleviating  salinity  conditions  is  not  expected. 

Federal  financial  assistance  programs  are  available  which  can  pay  from 
30  to  55  percent  of  the  cost  of  treatment  facilities.  Up  to  50  percent  of 
the  cost  of  regional  or  basinwide  planning  may  be  obtained  through  Environ- 
mental Protection  Agency  grants. 

Watershed  protection  is  planned  for  forest,  rangeland,  irrigated  lai.d, 
and  dry  croplarid  to  alleviate  pollution  from  land  runoff.  The  watershed 
management  programs  will  have  benefits  on  water  quality,  primarily  by  re- 
ducing the  amounts  of  sediments  and  sediment-borne  pollutants.  Inasmuch  as 
land  uses  and  management  practices  have  not  been  evaluated  in  terms  of 
their  net  effect  on  water  quality,  it  is  suggested  thai  agencies  review 
their  present  management  practices  and  alter  them  if  necessary  to  conform 
with  environmental  goals. 

If  water  quality  control  becomes  recognized  as  a legitimate  use,  water 
resources  mfinagement  could  provide  for  the  opi imum  combination  of  quality 
and  quantity  for  the  available  supply.  In  view  of  the  scarce  water  supply 
and  the  ever-increasing  Importance  of  the  quality  of  the  supply,  such  op- 
portunities should  be  fully  evaluated. 

To  assure  that  detrimental  effects  or.  the  environment  from  future  power 
development  will  be  minimized,  planning  should  be  expanded  which  would  re- 
view locations  of  planned  powerplants  and  evaluate  thermal  control  and  air 
pollution  control  meth'xls  with  the  ultimate  objective  of  developing  a long- 
range  power-siting  plan. 

Environmental  health  programs  are  planned  which  will  emphasize  better 
protection  and  surveillance  of  public  water  supplies  and  initiate  better 
control  and  monitoring  of  air  pollution,  solid  waste  disposal,  radiologi- 
cal pollution,  and  disease  vectors. 
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Costs 


A summary  of  program  costs  for  water  development  only  is  presented 
in  Table  45-  Summaries  of  the  total  program  costs  for  water  development 
plus  associated  de?velopment  for  the  region  and  subregions  are  presented 
in  Tables  46,  4y,  48,  and  49-  Installation  costs  correspond  to  those 
structures  oi  pi’ograms  that  will  be  needed  to  meet  the  framework  plan  re- 
-luirements  after  the  base  yefir  1965-  Operation,  maintenance,  and  replace- 
ment costs  are  directly  tied  to  the  structures  or  programs  to  be  installed 
and  generally  reflect  the  annual  funds  required  at  the  end  of  the  stated 
period.  Cost  estimates  are  in  constant  dollars  Indexed  to  1965  levels. 

Installation  costs  were  estimated  by  the  two  general  components,  des- 
ignated specific  and  joint  facilities.  Specific  facilities  are  those  read- 
ily identified  with  one  major  function  with  cost  data  drawn  from  the  pro- 
grams developed  in  the  several  appendices  and  costs  for  the  facilities  to 
convey  water  to  the  point  of  use  by  these  programs.  Joint  facilities  were 
those  serving  two  or  more  functions  such  as  reservoirs,  main  conveyances, 
structures,  and  collection  systems.  Joint  costs  were  prorated  to  the  ap- 
plicable major  function  based  upon  proportionate  use  of  the  facility. 

Included  in  the  program  costs  for  water  development  only  are  all  joint 
costs  and  specific  costs  for  municipal  and  industrial  water  supply;  irri- 
gation (except  for  on-farm  systems)  and  drainage;  hydropower  generation, 
hydropower  transmission,  and  conveyance  systems  to  deliver  cooling  water  to 
thermal- electric  plfints;  flood  control;  water-based  recreation;  fishery  im- 
provements and  waterfowl  habitat  development;  water  quality  except  salin- 
cont.ro;  land  management  for  erosion,  sediment,  and  runoff  control  on  all 
lands  and  water- yield  improvements  on  Federal  lands;  and  other  water  re- 
source development.  Including  export. 

The  installation  costs  of  salinity  control  features  for  the  combined 
Upper  and  I,ower  Colorado  River  Basins  are  estimated  to  be  $241,000,000. 

The  estimated  annual  operation  and  maintenance  cost  after  completion  of 
construction  is  $7,590>000.  JBalinlty  control  costs  are  not  included  in 
the  cost  tables. 

The  program  costs  for  associated  development  include  specific  costs 
for  on-farm  irrigation  systems;  thermal-electric  plants  and  the  transmis- 
sion lines  therefrom;  nonwater- based  recreation;  and  fish  and  wildlife  for 
improving  hunting,  other  than  waterfowl  hunting,  by  managing  and  improving 
the  habitats,  acquiring  and  improving'  access  to  hunting  lands,  and  species 
rmmagement  (stocking  local  species  in  new  areas  and  introducing  new  species). 

Adequacy  of  tiie  Framework  Plan 

I,and  and  water  supply  is  generally  not  a limiting  factor  to  obtaining 
the  regionally  interpreted  OBERC  level  of  development.  In  most  sectors 
the  proposed  plans  will  meet  I’egional  objectives. 
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Agrlcultiiral  sector.-- A combination  of  improved  production  from  ir- 
rigated and  dry  cropland  and  the  increased  grazing  from  range  and  forest 
lands  will  provide  an  adequate  base  for  meeting  regional  projections. 

Irrigated  cropland. --The  plan  will  meet  regionally  interpreted 
OBERS  production  goals  from  irrigated  lands  by  developing  new  land  and 
water  and  increasing^,  production  on  present  lands. 

Dry  cropland. --The  plan  is  adequate  for  increasing  unit  produc- 
tion on  tlie  remaining  di'y  cropland  acreage  with  about  100,000  acres  being 
shifted  to  irrigated  cropland  during  the  study  period. 

Grazing. --The  framework  plan  will  require  complementing  programs 
to  obtain  about  one-third  the  potential  forage  production  increase  obtain- 
able in  the  basin;  therefore,  plan  is  adequate. 

Timber  production. --The  plan  is  adequate  to  meet  projected  lev- 
els of  production.  However,  it  must  be  emphasized  that  the  demand  can 
only  be  met  through  a greatly  accelerated  management  practices  program. 

Watershed  management  and  flood  control 


Watershed  management. --Upstream  watershed  management  treatment 
programs  will  reduce  the  man-created  erosion  and  sediment  production  rmd 
associated  damage  by  hO  to  60  percent.  The  remaining  damages  are  largely 
geologic  in  nature  and  not  economically  susceptible  to  treatment.  Some 
natural  problems  imay  be  susceptible  to  treatment.  Upstream  flood  and  sed- 
iment dfimage  will  be  reduced  about  30  to  50  percent. 

Multipurpose  resei'voirs  built  on  the  stream  system  will  trap 
sediment  and  reduce  sediment  contribution  to  m;my  downstream  areas.  The 
plan  is  in  agreement  with  existing  protection  and  development  programs. 

Flood  control. --The  plans  indicated  herein  would  reduce  average 
annual  flood  damages  in  the  amounts  shown  in  the  tabulation  below.  Flood 
damages  would  be  reduced  to  a reasonable  level  by  structural  and  nonstruc- 
tural  measures  of  the  plan.  However,  a large  portion  of  the  estimated  fu- 
ture flood  dajmage  is  located  in  the  sparsely  populated  upstream  nonurban 
areas  where  it  is  more  difficult  to  provide  the  measures  necessary  to 
eliminate  it. 


Subregion 

Estimated  average  annual  flood 
damage  reduction  in  $1,000 

l‘,'8o 

D0(  X ) 

2020 

Green  River 

302 

1,053 

2,115 

Upper  Main  Stem 

1+85 

1,1*31 

2,725 

San  Juan-Colorado 

153 

8Y1 

l,90l+ 

Total 

91+0 

3,355 

“STtW 
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Industrial  activity 

Thenufil-electrlc  power -Thermal-elec trlf  generati'.n  proposed 
in  the  framework  plan  will  meet  all  in-basin  and  a share  of  adjacent  re- 
gion requiremet:ts . There  are  additional  coal  resources  in  the  basin,  but 
available  water  supplies  might  limit  firrther  development. 

Minerals . --Mineral  production  project.ed  from  the  adequate  re- 
sources can  meet  the  projected  requirements. 

Municipal  ami  industrial  ’.vater  development . --Planned  'evelop- 
ment  of  municipal  and  industrial  water  supply  can  meet  fiiture  needs. 

Recreation  - fish  and  wildlife 


Recreation. --Generally,  an  adequate  number  of  acres  of  land  and 
water  will  be  available  to  meet  projecteu  resident  needs.  Overall,  about 
61  percent  of  the  water  needs  will  be  accommodated.  Problems  relating  to 
use  of  these  resources  will  have  to  be  solved  if  demand  is  to  be  met.  This 
will  include  providing  adequate  and  legal  access,  suitable  funding  to  build 
recreation  facilities,  and  sufficient  supporting  services--espec ially  food 
and  I'-jdging. 

Presently  proposed  agency  and  state  programs  will  meet  only 
about  30  percent  of  the  projected  recreation-day  needs  by  2020. 

Fish  and  wildlife. --Most  of  the  region  can  expect  to  have  enough 
game  for  its  needs  through  2020.  The  exceptions  are  Arizona  and  New  Mex- 
ic‘,  as  in  the  case  of  future  fishing  needs.  Wyoming  also  will  have  a sig- 
nificant shortage  of  resident  game  animrils.  A possibility  for  water  for 
fisheries  in  Arizona  and  New  Mexico  would  b*’  the  recommitment  of  developed 
■vater  now  dedicated  to  other  uses.  If  wildlife  conservation  is  given  ade- 
quate recognition  as  a prominent  objective  of  development  and  management 
in  the  key  habitat  areas,  wildlife  habitat  will  remain  available  and  its 
capacity  may  possibly  be  Improved. 

However,  the  largest  single  factor  that  could  obstruct  wildlife 
objectives  is  the  pressure  for  increased  livestock  capacity  on  range  and 
forest  lands.  There  is  adequate  potential  for  botli  preservation  of  wild- 
life and  increased  livestock  use  by  balanced  management  meth-xis,  but  more 
AUM's  should  not  be  attained  at  the  expense  of  wildlife  habitat  capacity. 

Export  of  water 

The  plan  includes  provisions  to  export  waiter  to  adjacent  regions. 

All  wi:ter  subject  to  distribution  between  regions  is  in  accordance  with 
existing  approved  compacts  or  legal  agreementa. 

Water  quality 

Plans  for  controlling  water  quality  are  generally  adequate  in  applying 
corrective  measures  that  are  physically  possible  and  feasible. 
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Water  supply  situati'^r. 

After  development  of  th-,  framework  plan  aa  leacribed,  approx m-.tely 
8.3  MAE  of  outfl'-iw  w 'uld  pans  Lee  Ferry  in  the  year  POeO  (fl(,'ure  foil  <v 
ing  f'age  13^  V 


Ecouomle  Imm-'t 

To  indioatc  the  economic  {growth  associated  with  the  Irarnewor/.  plan, 
agriculture  and  so):ie  other  sectors  of  the  economy  were  analyzed  by  an 
imput- output  model-.  However,  the  economic  projections  were  !_nade  inde- 
pendently for  sectors  such  as  minerals,  forestry,  and  electric  power. 
Fig-ores  are  tabulated  below  for  population,  enploymeni.,  personal  income, 
and  the  gross  regional  iu’oduct. 


Population  pro.) ect ions 


Subre  'ion 

!/•> 

2000 

2020 

Green  River 
Upper  Main  Stem 

116,989 

Ld8 , 11I8 
1-1  ,33  i 

i45,8y6 

i85,3'-5 

202,915 

173,424 
213,28^ 
27 i, 464 

Region 

435,: -44 

5.5  4, 

'v.,177 

This  population  projection  is  eased  upon  economic  subregions  and  does 
not  include  the  64,300  population  independently  projected  for  ?020  tor  tne 
hydrology  portion  of  Arizona  in  the  Upper  Colorado  Region. 

Population  density  would  increase  Iron:  3.8  per  square  mile  in  198O  to 
1.8  in  2OP0  for  the  economic  subregions. 

rmployment. --Coefficients  were  used  in  comiect ion  with  projected  total 
gross  outputs  to  project  the  employrae.nt  figures  shown  uelow. 


Subregion 


Li'  Vi 


2020  2020 


Green  River 
Upper  Main  Steiri 
:.an  .Juari-CoLorado 
Region 


42,233 

G?-,'{26 

bO, 

195,322“  " 


59,2dY  69,381 
73,966  ®5,Y42 
YP.Oob  100,088 

2oo7B3n  251,211 


Impioyment 
1>65  to  2(j2C-.. 


is  projected  to  in -reuse  126  per.-ent  for  the  region  from 


personal  income 


--Pei’sonal  income  pi-ojections  refiectia/’:  economic  ac- 


tivity were  ontai  1 
the  population  pr< 


ned  by  rmiitipiying  the  projected  per  capita  income  by 
ojections  (ORE)  -ni  shown  in  ‘he  tabulation  on  page  135 
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Eubregion 

2000 

2020 

(Thousands  of 

dollars ) 

Green  River 
Upper  Main  litem 
Gan  .Juan- Colorado 

»t68,7Y5 
589,320 
518,81  •; 

1,070,730 
! ,139,070 
1,262,131 

2,206,127 

2,326,770 

3,03  -',005 

Region 

1 ,57'',  908 

3,77! ,931 

7,571 ,902 

Tiie  major  components  of  inersonui- 
proprietor's  income,  property  income, 
curity,  pensions,  and  similar  funds. 

income  ai-e  wage  and 
and  income  ^xiyments 

salary  i>ayraents, 
under  social  se- 

Gross  regional  product . --Gross  regional  product  (GRP)  is  the  sum  of 
the  four  major  expenditure  components  in  the  regional  economy.  Tliese  are 
(l)  personal  consumption  expenditure.s , (2)  Government  piorchases  of  goods 
and  services,  (3)  gross  private  investment,  and  (^+)  net  export  of  goods 
and  services. 

Gross  re/'ional  product 

Gubreg.ion 

l''U'  ' 

2000 

2020 

(Tiiousands  of 

dollars; 

Green  River 
Upper  Main  Gtera 
Gan  Juan- Colorado 

735,887 

870,365 

813,377 

1,595,067 

1,630,728 

1,751,737 

3,107,250 

3,257,725 

7,105,192 

Region 

2,719,6:  9 

7,977,279 

10,7d9,x7 

iiivironmental  Con 

siderations 

Economic  dcvcLopmcnt.  to  meet  the  projected  needc  witli  minlmu.m 
el’i'ectn  on  tiie  naturaJ.  environinent  of  tiie  region  has  been  a hacic  -'is 
formulating  tiie  t'rameworK  plan.  Maiiy  programs  and  functicMis  iciv  ■ ’ 

lined  that  woul  1 protect  -'iiid  contribute  to  the  overall  pia!  it;, 
the  region  in  addition  to  providing  the  basic  economic  cp-p  r'  ' 

progrfunc  have  oeen  described  in  preceding'  sections. 

It  is  i.mfortunate  that  most  consci'vation  pra -t  ; -i  , ; . 

the  archeologi'‘aL  resource  base  which  is  tiie  si/le  . 
on  the  iiistory  of  the  American  Indian  prior  t-  - a • • -c  ■ 
explorers.  A proi<erLy  planned  and  ade|uai,eiy 
gat  ions  and  salvage  of  these  resources  wl.i  f.  w 
ments  wil  I tend  to  mitigate  tiiis  ailvr.  <•  - r;  i 
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efficient  utilisation.  Construction  of  these  reservoirs  in  turn  causes 
some  disruption  on  stream  ret^imen,  on  fish  and  wildlife  habitat,  and  fiatu- 
ral  features  of  the  environment.  However,  with  proper  planning  consider- 
ations, many  values  are  created  that  compensate  for  the  changes.  Streams 
are  often  regulated  for  flood  control,  sediment  is  removed,  water  quality 
fluctuations  are  diminished,  and  the  stream  is  converted  to  conditions 
that  support  a higher  type  of  fish  life.  Reservoirs  themselves  provide 
abundant  fishing  and  other  water- based  recreation  in  this  area  where  natu- 
ral bodies  of  water  are  few  in  number  and  widely  spaced.  Detailed  require 
ments  to  control  pollution  at  construction  sites  are  included  in  most  con- 
tracts. 

Addition  to  the  irrigated  land  base  of  500,600  acres  would  cause  loss 
of  big-game  habitat  and  conversion  of  the  wildlife  population  to  a farm- 
game  type.  Additional  contribution  of  dissolved  materials,  pesticides, 
and  nutrients  to  streams  would  occur  unless  proper  control  measures  are 
developed  and  applied.  Watershed  mfinagement  for  flood  control  may  have 
minor  effects  on  fish  and  wildlife  habitat  and  esthetics  but  will  con- 
tribute materially  to  control  of  sediment,  improvement  of  vegetative  cover 
reduce  flood  damages,  improve  base  flows,  provide  open  spaces  on  flood 
plains,  and  protect  frail  lands. 

Eliminating  present  abuses  and  placing  all  grazing  on  a sustai.  ed 
yield- oasis  will  alleviate  most  of  the  adverse  effects  connected  with 
grazing  and  provide  for  the  required  forage  production. 

Mineral  development  can  produce  a great  abundance  of  needed  minerals 
for  the  region  and  Nation.  If  this  development  is  managed  property,  it 
can  be  accomplished  with  a minimum  of  detrimental  effect.  Etrip  mining 
regulations  can  provide  for  reshaping'  and  revegetation;  larid  subsidence 
can  be  controlled  by  leaving  sufficient  support  or  refilling  underground 
excavations  or  introduction  of  water  to  rejjlace  liquid  petroleum.  Proper 
management  would  be  required  to  regulate  disposal  of  tailings  and  pol- 
luted drainage  from  mining  operations. 

The  tremendous  increase  projected  in  development  of  thermal- electric 
power  would  use  a substantial  amount  of  water  but  would  occupy  only  a 
relatively  small  land  area  for  plant  and  associated  mining  activities. 
Problems  that  need  careful  attention  to  minimize  adverse  impacts  on  the 
environment  include  disposal  of  waste  heat,  s^ack  emissions,  and  loca- 
tion and  construction  of  large  transmission  lines.  Emission  of  sulfur 
products  from  fossil- fueled  plants  is  less  of  a problem  in  the  region 
than  in  other  areas  owing  to  the  low  sulfur  content  of  most  of  the  re- 
gion's coal. 

The  region  now  provides  unexcelled  opportunity  for  recreation  to  en- 
hance the  quality  of  living  for  nonresidents  as  well  as  the  comparatively 
sparse  resident  population.  However,  if  projected  needs  are  met  in  the 
future,  a tremendous  increase  in  pressure  is  anticipated  and  careful 
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cons idei'at ion  must  be  given  to  managing  the  natural  environment  to  avoid 
unwarranted  deterioration.  Proper  design  and  management  of  resort  areas, 
campgrounds,  and  other  facilities  would  alleviate  concentrations. 

The  projected  increase  in  population  leaves  the  region  with  a very 
iow  average  density  and  few  urban  concentrations.  Construction  is  pro- 
jected to  alleviate  the  present  backlog  of  sewage  treatment  facilities 
and  upgrade  treatment  for  future  time  periods.  Plans  have  also  been  made 
for  control  of  air  pollution,  solid  waste  disposal,  radiological  hazards, 
and  disease  vectors. 


PEERS  As  Published  - March  1968 


Early  study  of  the  March  I968  PEERS  projections  for  agriculture  re- 
vealed inconsistencies  that  were  incompatible  with  the  history  of  agricul- 
tural production  in  the  Upper  Colorado  Region.  The  primary  departure  from 
established  practice  was  the  projected  source  of  livestock  feed  required 
to  meet  the  livestock  production  assigned  to  the  region  by  the  national 
projections.  The  published  projections  of  feed  output  were  not  adequate 
to  produce  the  livestock  output  without  feed  imports  from  outside  the  re- 
gion which  were  unrealistically  high,  while  a tremendous  surplus  of  pas- 
ture and  range  went  unused  within  the  region  under  the  best  ration  and 
feeding  efficiency  procedure.  Feeder  livestock  would  also  have  to  be  im- 
ported for  feedlots. 

Table  y>  illustrates  this  problem.  It  was  agreed  that  the  projection 
of  livestock  was  more  reliable  and  important  than  the  projection  of  live- 
stock feed. 

If  imports  were  assumed  to  be  the  method  of  supplying  the  necessary 
feed,  a net  reduction  of  70>?00  acres  of  irrigated  land  would  ensue  from 
1965  to  2020.  This  would,  in  turn,  be  totally  incompatible  with  present 
detailed  plans  contained  in  Federally  authorized  projects  and  contemplated 
private  developments  of  ^01,500  acres. 

Because  of  these  reasons  and  many  other  technical  considerations  as- 
sociated with  the  development  of  model  coefficients,  no  further  studies 
were  attempted  for  the  agricultural  sector  as  published. 

Minerals,  power,  and  timber  were  also  adjusted  to  more  nearly  conform 
to  planned  and  anticipated  development  in  these  sectors. 

States'  Alternative  to  the  Framework  Plan 
6.9  ‘iAF  Level  of  Development 

For  comparative  purposes  and  to  express  states'  desires,  the  states 
proposed  an  alternative  to  the  framework  plan  at  the  6.5  MAF  level  of  de- 
velopment. Data  on  proposed  water  uses  for  this  alternative  are  shown  in 
Table  51- 
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Table  50  - Feed  crop  imports  and  range  forage  surplus, 
1968  OBERS,  Upper  Colorado  Region 


Unit  price 
(per  ton) 

Amount 
( tons ) 

Value 
( dollars ) 

Imports 

Feed  grain,  corn  equivalent 

1980 

$40 

163,470 

$6,538,800 

2000 

40 

405,208 

16,208,320 

2020 

4o 

648,517 

25,940,680 

Hay 

1980 

25 

492,806 

12,320,150 

2000 

25 

598,576 

14,964,400 

2020 

25 

572,266 

14,306,650 

Corn  silage 

1980 

8 

95,612 

764,890 

2000 

8 

107,975 

863,800 

2020 

8 

100,200 

801,600 

Total  feed  crop  imports 

1980 

2000 

2020 

19,623,840 

32,036,520 

41,048,930 

Surplus  of  Present  Production 


Surplus  pasture  and  range 

Unit  price 

Amount 

(AUM’s) 

1980 

NA 

221,473 

2000 

NA 

506 , 368 

2020 

NA 

745,790 

i 
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In  the  I’rainework  plan,  there  is  need  to  service  a iarye  electric 
power  mrket  Prom  potential  I’ue.].- birrnintj  electric  powerplants  in  the 
Upper  Colorado  Region.  Each  oi’  the  Ctates  of  Colorado,  New  Mexico,  Utah, 
and  Wyoming  :mticipated  that  a part  of  tiieir  coal  and  water  resources 
will  be  used  for  the  production  of  such  energy.  Previously  the  states 
had  agreed  to  maintain  proportionate  levels  of  water  development  very 
close  to  their  respective  percentage  allotments  in  the  Upper  Colorado 
River  Compact.  Without  upsetting  a multitude  of  water  uses  set  forth  in 
the  framework  plan,  the  approximate  state  percentages  could  be  maintained 
only  by  an  arbitrary  assignment  to  each  state  of  portions  of  tiie  needed 
thermal- electric  power  installations  as  necessary  to  bring  each  state's 
total  water  uses  to  amounts  approximating  the  compact  percentages.  Al- 
though this  assignment  depicted  a reasonable  satisfaction,  on  a region- 
wide  basis,  of  the  requirements  for  the  framework  plan,  there  were  cer- 
tain features  objectionable  to  Colorado  and  Utah. 

Changes  in  uses  from  those  contained  in  the  framework  plan,  are 
described  in  the  following  narrative.  Tables  52  and  53  provide  further 
details  on  proposed  tiiermal- electric  and  irrigated  land  development. 

Arizona  retained  its  exact  allotment  of  5C,000  acre- feet  per  annum 
in  the  revised  year  2020  distribution  with  no  change  in  types  of  use. 

Colorado  varied  its  water  depletions  for  fUll  and  supplemental  irri- 
gated land  by  88,000  acre- feet  less  in  I980;  1^+5^000  acre- feet  more  in 
2000;  and  jl,500  acre- feet  more  in  2020.  Irrigated  land  acreage  varied 
by  18,000  less  acres  in  1980;  80,000  more  acres  in  2000;  and  6,^00  more 
acres  in  2020. 

Oil  shale  industry  in  the  Green  and  Upper  Main  Stem  Subregions  to- 
taling 1 million  bar re Is- per- day  capacity,  with  a support  population  of 
78,000,  depleting  97>000  acre-feet  annually,  was  added  by  the  year  2020. 

A coal  byproducts  plant,  using  L5>000  acre- feet , and  a potash  plant,  ca- 
pacity 1.5  million  tons  annually,  using  acre-feet  annually,  are 

projected.  Pixports  are  increased  by  2,400  acre-feet  and  fish  and  wild- 
life by  600  acre- feet  annually. 

It  appears  that  Colorado  would  deplete  its  51* 75- Percent  allotment 
by  the  year  2000.  Thermal-electric  power  Installed  capacity  is  lessened 
by  9 >69^)  megawatts  from  the  framework  plan,  depleting  l46,400  acre- feet 
less  annually.  In  addition,  22,100  acre- feet  of  irrigation  water  would 
be  trsinsferred  between  2001  and  2020  to  meet  municipal  and  industrial 
requirements. 

New  Mexico,  in  order  to  stay  within  its  11. 25- percent  apportionment 
of  the  6.5  MAF  level  of  development,  changed  its  uses  involving  a net  de- 
crease of  9>500  acre- feet  annually.  A large  reduction,  ^1,200  acre- feet, 
resulted  from  an  arbitrary  programmed  reduction  in  installed  generating 
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Table  52  - Projected  installed  capacity  and  water  depletions 
for  thermal-electric  power  generation  for  the  states' 
alternative  to  the  framework  plan 
MAP’  level  of  development) 

Upper  Colorado  Region 


Installed 

capacity 

and  cons 

;umptive  use 

I9B0 

2000 

2020 

Subregion 
and  state 

Mega- 

watts 

1,000 

acre- 

feet 

Mega- 

watts 

1,000 

acre- 

feet 

Mega- 

watts 

1,000 

acre- 

feet 

Cireen  River 
Colorado 
Utah 
Wyoming 

663 

959 

2,213 

9-1 

Ih.h 

33.2 

4,663 

7,559 

9,913 

69.1 

113.3 

148.7 

4, 663 
7,559 
9.913 

69.1 

113.3 

148.7 

Subregion  total 

3,835 

56.7 

22,135 

331.1 

22,135 

331.1 

Upper  Main  Stem 
Colorado 

123 

1.6 

1.123 

16.6 

1,123 

16.6 

Subregion  total 

123 

1.6 

1,123 

16. 6 

1,123 

16.6 

San  Juan-Colorado 
Arizona 
Colorado 
New  Mexico 
Utah 

2,310 

0 

5,623 

7,400 

34.1 

0 

90.0 

111.0 

2,310 

1,500 

5,623 

9,900 

34.1 

22.5 
90.0 

148.5 

2,310 

1,500 

5,623 

9,900 

30.1 

22.5 

55.6 
148.5 

Subregion  total 

15,333 

235 . 1 

19,333 

295.1 

19,333 

256.7 

Arizona 
Colorado 
New  Mexi co 
Utah 
'/ty'xning 

2,310 

T86 

5,623 

8,359 

2.213 

34.1 
10.7 
90.0 
125.4 

33.2 

2,310 

7,286 

5,623 

17,459 

9,913 

34.1 

108.2 

90.0 

261.8 

148.7 

2,310 

7,286 

5,623 

17,459 

9,913 

30.1 

108.2 

55.6 

261.8 

148.7 

Region  total 

19,291 

293.4 

42,591 

642.8 

42,591 

604.4 

able  5-  - Projected  or.-slte  water  deple* -or.s  by  lrr;(?atei  lar.d  (r.ew  and  supplemental), 
ncidental  use,  and  Irrigation  reservoir  evaporation  I'  r the  states'  alternative  to  the 
framewors  plaj.  . 5 MAP  level  cl'  development',  'Jpper  lolorad  ■ Heglc:. 
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capacity.  However,  mineral  production  would  matei'iaiiy  increase,  and  an 
additional  municipal  and  industrial  use  oi’  11,800  acre- feet  annually  was 
projected  owinc  to  a population  increase  of  6^,500. 

Utah  desired  that  a much  greater  portion  of  its  potential  tiiermai- 
electric  power  production  be  included  and  projected  an  additional  11,700 
megawatts  to  be  installed.  This  required  a support  population  of  26,000 
people.  Utah  also  added  an  oil  shale  industry  with  a capacity  of  600,000 
barrels  per  day  with  a support  population  of  39>0OO  people.  In  order  to 
stay  within  its  23-percent  allotment  Utah  revised  downward  its  irrigatiori 
acreage  (-10,500  acres)  and  likewise  revised  downward  (-200,000  acre- feet 
annually)  its  export  to  the  Bonneville  Basin. 

Wyoming  also  suggested  no  changes  in  its  type  of  uses  but  revised 
its  irrigation  depletions  downward  9^0  acre- feet  per  annum  to  stay  ex- 
actly within  its  1^-percent  allotment. 


States'  Alternative  at  the  8.16  KAF  Level  of  Development 

This  is  an  alternate  plan  of  development  which  reflects  8.16  million 
acre- feet  of  man-made  depletions  in  the  Upper  Basin.  It  includes  the 
amounts  of  water  evaporated  from  mainstem  reservoirs.  This  plan  assujnes 
the  Colorado  River  water  supply  would  be  firmed  to  meet  the  division  of 
water  by  the  Colorado  River  Compact.  Proposed  depletion  distribution  amon^ 
the  states  in  2020  equals  their  percentage  shares  under  the  Upper  Colorado 
River  Compact. 

Development  of  some  resources  would  not  be  limited  by  present  water 
availability.  The  States  have  assumed  that  a market  for  the  increased  pro- 
duction associated  with  this  level  of  development  would  readily  be  absorbec 
within  national  and  increasing  western  markets.  This  is  especially  true 
since  the  added  increment  is  a smll  part  of  the  national  market  and  would 
accordingly  have  a small  impact. 

Arizona  retained  its  allotment  of  50)000  acre- feet  for  2020  with  no 
changes  in  types  of  uses  previously  described  for  the  framework  plan. 

Colorado  plans  to  irrigate  1,256,300  acres  in  2020,  which  is  lui*,400 
acres  more  than  the  framework  plan,  with  a depletion  of  1,9^1,500  acre- 
feet.  Oil  shale  complexes,  in  the  Upper  Main  Stem  and  in  the  Green  River, 
each  having  a capacity  of  1 mi  I lion- barrels- per  day,  would  deplete  19^,000 
acre- feet  annually  by  2020.  A coal  byproducts  plant,  using  15,000  acre- 
feet  in  the  Dan  Juan-Colorado,  and  a potash  plant,  capacity  of  1.5  million 
tons  annually,  using  9,500  acre-feet,  are  projected.  Fish  and  wildlife 
uses  would  total  '(l,k00  acre- feet,  a substantial  increase  over  the  frame- 
work plan.  Thermal-electric  piower  capacity  of  approximately  10,000  mega- 
watts would  deplete  I53,20(i  acre- feet  annually.  Ibtport  would  increase  to 
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L.36  mlLiion  acre- feet  annually.  This  plan  would  meet  regionally  inter- 
preted OBERE  requirements  for  ail  sectors  except  power,  which  would  be  met 
by  Utah. 

New  Mexico  plans  no  changes  in  agriculture,  fish  and  wildlife,  or 
recreation  from  the  framework  plan.  Population  by  2020  is  estimated  at 
189,500  and  the  minerals  industry  is  projected  to  increase  as  a result  of 
available  reserves  and  national  need.  Thermal- electric  powerplant  instai- 
led  cap<acity  would  be  5 >623  megawatts.  Export  to  the  Rio  Grande  Basin  via 
the  Gan  Juan-Chama  Project  would  be  increased  125,000  acre- feet  for  a total 
export  of  2i*3,000  acre- feet. 

Utah  would  Increase  its  use  by  irrigated  crops  10,700  acre- feet  over 
the  framework  plan  and  Irrigate  about  it01,200  acres  by  2020.  lliere  are 
no  changes  in  fisii  and  wildlife,  recreation,  or  stock-pond  evaporation 
fuid  livestock  use.  Export  to  the  Great  Basin  by  2020  would  increase  to 
kU'J ,000  acre-feet,  which  is  20,000  acre-feet  less.  Major  changes  are  in 
increased  thermal-electric  power  to  19>500  megawatts  Installed  capacity 
and  increased  mineral  activity,  including  mining  coal  for  powerplants,  a 
million  barrel- per- day  shale  oil  output,  processing  oil- Impregnated  sand- 
stone and  conversion  of  coal. 

Wyoming's  development  includes  a substantial  increase  in  the  mineral 
Industry,  including  a million  barrel- per- day  shale  oil  production,  de- 
pleting 97>000  acre-feet  of  water,  and  conversion  of  coal.  Trona  plant 
capacity  would  continue  to  increase.  Population  would  increase  to  1^8,000 
by  the  year  2020.  The  agricultural  base  of  irrigated  land  would  increase 
to  513 >300  acres  by  year  2020.  Thermal- electric  power  installed  capacity 
is  estimated  at  almost  10,000  megawatts.  Transbasin  diversions  to  the 
North  Platte  River  are  estimated  at  153 >000  acre- feet,  which  is  a 32,000- 
acre-  foot  reduction. 

Table  5^  enumerates  water  uses  for  this  alternative  and  Tables  55  and 
56  summarize  projected  thermal- electric  and  irrigation  developments. 


States'  Alternative- -Water  Supply  Available  Site 
(9.^^  MAE  Depletions) 

Development  which  would  be  possible  if  the  states  of  the  Upper  Colo- 
rado Region  utilize  water  which  would  be  physically  available  at  site  of 
project  development  is  described  briefly  below.  There  has  been  no  agree- 
ment between  the  states  or  within  the  states  that  this  can  be  accomplished 
in  the  way  indicated,  but  rather  this  discussion  indicates  utilization  of 
water  that  is  physically  available  for  development.  It  is  contemplated 
that  there  would  be  shifts  between  types  of  use  as  the  needs  develop.  The 
plan  would  require  substantial  augmentation  to  meet  Colorado  River  Compact 
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Table  55  - Pr ; 
thennal-electr 
8.16  MAP 


Subregion 
and  Lit  ate 


jc-ctecl  installed  cajmcity  and  water  depletions  for 
ir  power  generation  for  s1.at.es'  alternative  at  the 
level  of  development.  Upper  Colorado  Region 


Installed  capacity  and  consumptive  use 
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Table  56  - Projected  irrigated  acreage  for  States' 
alternati’/e  at  tlie  8.16  RiAF  level  of  development 
Upper  Colorado  E-iegiOij 
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requirements  for  delivery  at  Lee  Ferry.  If  the  Colorado  River  is  augmented 
below  Lake  Powell,  exchange  arrangements  would  have  to  be  made.  Proper 
considei’ation  of  possible  detriment  to  power  revenues  and  of  augmentation 
costs  will  be  required. 

Additional  uses  of  1.28  million  acre-feet  above  the  8.16  MAP  level 
are  described  briefly  by  state,  and  a summary  of  total  uses  is  shown  in 
Table  57- 

Colorado  has  identified  additional  uses  by  2020,  which  would  increase 
export  to  the  eastern  slope  of  the  Rocky  Mountains  by  113,000  acre- feet 
annually  and  increase  irrigation  uses  by  69>000  acre- feet,  primarily  in 
the  Upper  Main  Stem  subregion. 

New  Mexico  water  depletions  would  increase  228,900  acre-feet,  pri- 
marily for  electric  power,  irrigation,  and  export  to  the  Rio  Grande  Basin. 

Additional  developments  in  Utah  would  all  occur  in  the  period  2001- 
2020.  Irrigation  projects  not  previously  Incorporated  in  plans  would  re- 
quire over  200,000  acre- feet  of  water;  coal  conversion  would  double  and 
require  22,300  acre- feet  more  water;  and  a 100,000  addition  would  be  ex- 
ported to  the  Great  Basin  Region. 

Projected  depletions  of  the  Colorado  River  system  by  Wyoming  total 
1,583,000  acre-feet,  which  is  5^5,000  acre-feet  more  than  at  the  8.I6  MAF 
level  of  development.  Increases  in  depletions  occur  primarily  in  mineral 
production  and  export. 

Table  58  lists  the  projected  irrigated  acreages  under  this  alternative. 
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>7.000 

576.000 

Total  for  2000 

7,244,100 

2,707,900 

2,286,300 

7.249,900 

• . 2020  - - 

1 

tbwUlpal  and  Induatrlal 

7,200 

84,100 

29,100 

42,500 

38,900 

201,800 

88,300 

54,400 

39,100 

ClaeCrlc  piMar  (rhamal) 

X7.IO0 

153,200 

131,000 

291,800 

148,700 

754.800 

346, >00 

61,600 

347,100 

Hlnarala 

300 

207,500 

32,500 

187,900 

307,700 

735,900 

571,900 

II  3 , iOO 

50,700 

fl0h  and  irfldllfa 

1,200 

71,400 

6,800 

22,200 

20,100 

121.700 

>0,800 

40.400 

30,500 

lUcraaCloa 

400 

1,600 

200 

2,600 

400 

5,200 

2,200 

1,300 

>,700 

Stockpond  avaporatlon  and 

i^aoo 

35.«00 

4,000 

10,700 

6.700 

59.000 

21.200 

20.600 

17.2DO 

Subtotal 

41,000 

553,600 

201.600 

557,700 

522,500  1 

1.878.400 

1,080,500 

291.600 

506,300 

Irrigation:  eonata^ 1 1 va 
uaa,  tncldantai  and 
raaarvotr  avaporatlon 

9,000 

2,010,500 

571,000 

935,500 

562,500 

4,088,500 

1,550,900 

1,385,600 

1,152,000 

Export 

1,473,400 

793,000 

U7.000 

503,000 

2,816,400 

1,090,000 

1,418,900 

307.500 

{->2.600 

(-32.600 

Subtotal  af  all  abova 

50,000 

4,037,500  i 

,067,600 

2,037,600  1 

.588,000 

8,780,700  j 

3,721,400 

3,096,100 

1,963,200 

Natn*aCan  raaarvotr 
avapwratloa 

660.000 

17.000 

576.000 

Total  for  2020 

9,440,700 

3,788.400 

i.tiJ.ioo 

2,539,200 
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Five  Levels  of  development  are  defined  and  evaluated  in  this  study, 

i.  e.  : 


Present  (1965)  level. 

Regionally  interpreted  OBERS. 

States'  alternative  -6.5  million  aere-feet. 

States'  alternative  - 8.16  million  acre- feet. 

States'  alternative  - water  supply  available  at  site. 

The  framework  plan,  based  upon  the  regionally  interpreted  OBERS  pro- 
jection, was  developed  first  and  was  used  as  the  basis  and  cornerstone 
for  other  studies.  Three  "states'  alternatives"  or  choices  were  devel- 
oped to  reflect  capability  of  the  region  to  supply  goods  and  services  not 
fully  evaluated  in  the  OBERS  projections.  The  I968  OBERS  and  the  on-going 
programs  were  also  studied  and  will  be  discussed. 

The  effect  of  the  various  levels  of  development  on  water  and  related 
Land  resources  and  economic  and  agricultural  activity,  as  well  as  conclu- 
sions reached,  are  presented  in  this  section. 


Comparisons 
Water  supply 

Average  annual  historical  discharge  at  the  principal  measuring  point 
for  the  Colorado  River,  at  Lee  Perry,  Arizona,  averaged  12,h26,000  acre- 
feet  for  the  52-year  period,  191^  through  1965-  Because  of  variations  in 
precipitation  and  other  climatic  influences,  the  extremes  were  21,89^,000 
acre-feet  in  191?  h ,396,000  acre-feet  in  193^-  Foi*  the  same  period, 
average  annual  virgin  or  undepleted  flow,  as  it  would  have  been  without 
nan's  influences,  would  have  averaged  1^,870,000  acre- feet. 

The  ititure  outflow  at  Lee  Perry  will  depend  on  which  level  of  devel- 
opment actually  occurs,  as  well  as  augmentation.  Augmentation  practices 
considered  as  possibilities  include  water-yield  improvement  and  weather 
modification  which  may  increase  the  supply  by  about  1 to  2 million  acre- 
feet. 


Augmentation  will  definitely  be  required  by  2020  for  the  two  highest 
levels  of  depletion  to  meet  Colorado  River  Compact  apportionment  to  the 
lower  basin.  Local  shortages  in  the  region  may  occur  at  any  level  of 
development. 
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On-site  water  depletions 

Four  projected  levels  of  depletion  for  alternative  resource  develop- 
ment are  shown  in  Table  59-  The  present  base  of  I965  is  used  as  a refer- 
ence for  projections.  Data  in  Table  59  compares  the  on-site  depletions 
of  the  four  projected  levels  of  development  for  the  year  I965  and  for  the 
year  2020.  Depletions  are  shown  by  type  of  use,  states,  and  subregions. 
Depletions  ax’o  estimated  to  nearly  douole  from  the  present  I965  level  to 
the  level  of  the  framework  plan  in  2020  and  states'  alternative  at  the  6.5 
million  acre- foot  level.  Irrigation  depletions  and  export,  which  will  ac- 
count for  about  75  percent  of  total  depletions,  will  each  increase  about  a 
million  acre-feet.  Thermal- electric  power  uses  will  have  the  greatest  per- 
cent of  increase--at  the  8. I6  MAF  level  of  development  about  3>000  percent. 

Water  for  mineral  uses  will  increase  significantly  with  oil  shale  de- 
velopment being  included  in  the  three  "states'  alternatives."  For  compar- 
ative purposes  the  alternative  at  6*5  MAF  was  defined  by  the  states  at  the 
same  total  depletion  level  in  2020  as  the  framework  plan.  Departure  from 
the  framework  plan  due  to  states'  adjustment  in  types  of  use  is  shown  in 
Table  60.  Two  additional  states'  alternatives  for  greater  depletion 
levels  were  then  defined.  Departure  from  the  framework  plan  due  to 
states'  adjustment  in  type  of  use  for  the  8. I6  MAF  level  of  depletion  is 
shown  in  Table  6I. 


Agricultural  activity 

Agriculture  in  this  region  is  tied  to  irrigated  cropland  production. 
Therefore,  the  increase  in  production  on  existing  irrigated  lands  and  the 
development  of  new  irrigated  land  relates  to  a large  portion  of  the  ag>:ri- 
cultural  activity.  (See  Table  62. ) Projected  irrigated  acreage  for  the 
alternative  levels  of  development  by  time  frame,  is  as  follows; 


Irrigated  acreage 

(thousand  acres) 

Level  of  development I965 lyQ^^ 2000 2020 


On-going  program 
1968  OBERS 

Regionally  interpretc-d  OBKRS 
States'  alternative  (6.5  MAF) 

States'  alternative  (8.I6  MAF) 

States'  alternative  (water  available) 


1,622 

1,732 

1,878 

2,024 

1,622 

l,i*99 

1,529 

1,551 

1,622 

1,794 

1,954 

2,122 

1,622 

1,792 

2,102 

2,118 

1,622 

1,872 

2,224 

2,354 

1,622 

1,872 

2,259 

2,579 

The  on-going  program  is  based  on  installation  of  authorl.^.ed  Federal 
projects  and  development  of  new  irrigated  land  by  private  interests. 
About  70  lo  80  percent  of  the  present  lands  having  short  water  supply 
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ihl#  ^ v - '•t'v.ir:.'  cf  w*\*^r  r#‘Rcurr'e5  oprn^’ * . '‘rp^r  '!clcndc  h»*,;lor. 


( 

I 


Level  of  Development 

1965 

Regional ly 
Interpreted 
OBERS 
Year  2020 

6.5  Million 
Acre-feet 
Year  2020 

8.16  Million 
Ac  re -feet 
Year  2020 

ves 

Water 
Aval  table 
At  Site 
Year  2020 

VIW.IN  WATER  SWFLY  (Wli-bS) 

16,H72/X)0 

14,872,000 

Ac re -feet) 
14,872,000 

14,872,000 

14,872,000 

1>N  SITE  WATER  DEPLETIONS 

Bv  type  of  use 

Mimiclpal  and  Industrial 

27,400 

110, 100 

147,600 

191,800 

201,800 

Electric  power  (thermal) 

23,200 

626,600 

604,400 

713,800 

754,800 

Ml nerals 

33,700 

52,800 

231,700 

550,100 

735,900 

Fli«h  and  wildlife 

11,700 

87,800 

88,400 

121,700 

121,700 

Recreation 

1,300 

5,200 

5,200 

5,200 

5,200 

StuckpA>nd  evaporation  and 
livestock  use 

34.900 

59,000 

59.000 

59.000 

59.000 

Subtotal 

132,200 

941,500 

1,136,300 

1,641,600 

1,878,400 

IrrlRation 

2,127,tt00 

3,294,000 

3,296,800 

3,657.700 

4,088,500 

Export 

550,300 

1 ,652,300 

1 ,454,900 

2,203,300 

2,816,400 

Less  import 

(-32.600 

(-32.600 

(-32.600 

(-32.600 

(-■>2.600 

Subtotal  of  all  above 

2,«07,700 

5,885,400 

5,885,400 

7,500,000 

8,780,700 

Main  Stem  Reservoir 

evaporation 

643.000 

660.000 

660.000 

660,000 

660,000 

Total 

3,450,70.- 

6,545,400 

6,545,400 

8,160,000 

9,440,700 

By  state 
Arizona 

10,100 

50,000 

50,000 

50,000 

50,000 

Colorado 

1 ,706,600 

3,009,800 

3,019,400 

3,855,400 

4.037,500 

New  Mexico 

144,900 

666,200 

656,700 

838,100 

1 ,067,600 

Ltah 

664,000 

1,341,100 

1,341,900 

1 ,713,500 

2,037,600 

Wyoming 

282.100 

818.300 

817.MOO 

1 .043.000 

1.588.000 

Total 

2,807,700 

5,885,400 

5,885,400 

7,500,000 

8,780,700 

By  subregion 
Green  River 

1,059,500 

2,385,100 

2,328,300 

3,040,300 

3.788,400 

Upper  Main  Stem 

1,397,300 

2,245,200 

2,232,500 

2,877,000 

3,113,100 

San  Juan-Colorado 

993.900 

1.915.100 

1.984.600 

2.242.700 

2.539.200 

Tot.l 

3,450,700 

6,545,400 

6,545,400 

8,160,000 

9,440,700 

OUTFLOW 

11,421,300 

8,326,600 

8,326,600 

6,712,000 

5,431,300 

T«tl*  'ir*  frc«  fx^arvx-x  i-^  no  «d 'iti-w.-.n  ta  type*  of  <••• 
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Tai*U  • ► t’ 'T;pui' I Hofit;  ol'  spl<*otod  ^i^^riculturtil  HiKi  Industrial 

riv*?  ftl tt-rrutt I vr  U'velc  of 
Upprr  Colorado  Hef'ion 


T,vv<  iir-vidui-tlor. 

Units 

(765 

base 

I’tatec  ’ a 1 tc*riMtt  Ives 
F'i*a;n**-  »>.  5 b,  lc>  Water 

woFK  million  rallllon  available 

plan  a<“rt-rect  a»*re-feet  at  cite 

in  P020  in  P0?0  in  ?0?0  In  202o 

#V;rIcultunil 

A ’tlvltv 

Irri fated  land 

i ,00U  acres 

1 ,0."’;’ 

?,!?? 

2,118 

2,354 

2,579 

Pry  .TupPirid 

1 .mx>  acres 

6i)y 

503 

503 

503 

503 

Ranfe  produvtlon 

1 ,000  AUV ' s 

6,368 

7.665 

7 ,065 

7 ,665 

8,392 

Timt/vr  pnxiuetion 

VU.  cu.  ft. 

Ii6 

y4o 

340 

340 

34., 

Industrial  Activity 

Mle  .tri  • j*ower 

Thernnl 

Megawatts 

1.U5 

4.'', 081 

42,591 

4,-,  591 

50,391 

Hydro 

Mc'gawatts 

l.jdu 

1 .306 

1,300 

1,300 

1,300 

Mlnenils 

L’halc  oil 

Mil.  bbl/day 

0 

0 

1.5 

4 

Coal  byprolucts 

Kijuivalent 

mil.  ubl./day 

0 

0 

0.2 

0.8 

1.6 

roiiich 

Tons/dny 

0 

0 

4,100 

4,100 

4,100 

Fisil  and  Wildlll’t 

r - Rocre 

at  1 oti 

FlBh  and  wUdllfi- 

Cport  hunting 

1 »CXKJ  imm-days 

i,;'68 

?,3Y4 

2,634 

2,955 

3,072 

rport  rishlnf^ 

i^OX)  rwtn-days 

8,667 

9,221 

9,691 

10,  / A 

Hccroftlion 

MU.  rcc . - days 

56 

2?5 

225 

225 

22’5 

Watershed  Management 

and  Flood  Control 

Water8he<l  winafenerit 

Sediment  yield  redu'*tion 

Ac.-ft./yr. 

2,764 

? » I'o^ 

2,  I 't  M 

2.7tA 

Flood  Control 

Flood  dafflafc  reduction 

1 ,000  dollars 

6, 

7,063 

7,754 

Kconoml  Act  i v i ty  ( i-A-*onornic  Houndar  1 es ) 

Popul ation 

1 ,.A  HJ  's 

3 IV 

uf  * 7 

746 

■yoi 

llraploymefit 

1 ,000  *B 

Ul 

?5l 

265 

343 

Gross  regional  produot 

MH.  dollars 

1,14." 

10,470 

11,712 

13,906 

Ftreonal  Inuome- 

MU.  doUare 

730 

7,572 

8,570 

10,529 
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will  receive  supplemental  water  in  connection  with  new  land  development, 
except  for  the  1068  OBERS  alternative.  It  is  assiimed  in  the  1968  0BER6 
level  that  a^pricultural  activity  will  increase  only  by  importing  feed  and 
feeder  calves  for  projected  feedlot  operations. 

Timber  production  under  on-going  programs  will  increase  about  5 per- 
cent in  each  time  frame  of  the  projected  period.  The  1968  OBKRS  timber 
production  shows  an  increase  of  four  times  the  present  production  by  2020. 
For  the  framework  plan  and  the  three  states'  alternatives,  production  will 
increase  about  sevenfold  over  the  present. 

livestock  grazing  production  under  on-going  programs  is  estlrmted  to 
increase  only  0.3  million  AUM's  by  2020.  The  1968  OBERG  projections 
would  require  a reduction  in  going  programs  with  a resultant  waste  of  the 
resource.  The  framework  plan  shows  an  increase  of  i.3  million  AUM's.  Op- 
timum grazing  production  would  provide  an  increase  of  over  2 million  AUM's 
This  production  is  available  as  an  alternative  for  the  framework  plan  and 
the  three  states'  alternatives.  In  Table  62  it  is  shown  only  under  the 
"water  at  site"  level  of  development,  because  grazing  is  not  affected  by 
the  alternative  water  supplies  analyzed  under  the  other  two  states'  alter- 
natives. 


Industrial  activity 

Two  significant  sectors  of  industrial  activity  in  the  region  are 
production  of  minerals  and  thermal- electric  power.  Thermal-electric  power 
capacity  installed  to  supply  local  use  and  for  export  would  increase  from 
the  present  1,300  to  ^+Y»600  megawatts  at  the  highest  level  of  development. 
Mineral  activity  planned  for  the  states'  alternative  levels  includes  four 
shale  oil  plants  with  a total  capacity  of  ^4  million  barrels- per- day.  Coal 
conversion  by  hydrogenation  is  planned.  This,  together  with  coal  mined 
for  thermal-power  production,  approximates  200  million  tons  annually. 
UraiiiuiTi  production  will  Increase  significantly.  Trona  production  in  Wyo- 
ming is  projected  to  increase  to  four  times  the  present  level. 

Fish  and  wildlife  - recreation 

Present  sport  hunting  and  fishing  demand  is  projected  to  nearly 
double  by  2020  under  both  the  on-going  and  the  framework  plan.  Alterna- 
tive plans  are  based  upon  projected  popiulation  changes.  Recreation  de- 
mand, 97  percent  by  nonresidents,  will  increase  fourfold. 

Watershed  management 

Watershed  management  is  planned  to  correct  the  average  annual  damages 
shown  in  Table  l8.  The  program  is  shown  in  Tables  39  and  40.  This  pro- 
gram also  includes  improving  water  yield  in  terms  of  quantity,  quality 
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and  timing  as  a result  of  the  vegetal  maninulation.  The  going  program 
will  accomplish  about  40  percent  of  the  framework  plan. 

No  alternative  levels  of  damage  reduction  are  included  for  the 
states'  altertmtives  because  programs  such  as  oil  shale  development  are 
planned  to  include  the  necessary  watershed  protection  measures  as  a part 
of  the  development  cost  itself.  The  increased  population  under  alterna- 
tive levels  and  resultant  impact  on  the  watershed  may  increase  the  cost 
of  accomplishing  the  planned  protection.  Adequate  data  to  estimate  the 
costs  are  not  available. 


Flood  control 

One  basic  plan  has  been  prepared  for  flood  control.  However,  flood 
damage  and  damage  reduction  have  been  evaluated  for  two  alternative 
levels  of  development.  A coi..parison  of  estimated  average  annual  flood 
damages  (1963  prices  and  project  conditions)  under  the  framework  plan  and 
the  alternative  projections,  exclusive  of  "water  available  at  site,"  fol- 
1 ows : 


Estimated  average  annual  flood  damage 
(thousands  of  dollars) 


Dtates ' 

alternative 

Framework 

6. 5 million 

8.16  million 

plan 

acre- feet 

acre- feet 

1965 

in  2020 

in  2020 

in  2020 

2,792 

10,600 

10,900 

11,900 

The  flood  damage  reduction  under  these  alternative  levels  of  devel- 
opment is  shown  in  Table  62. 

Economic  activity 

Comparisons  of  population,  employment,  gross  regional  product,  and 
personal  income  are  shown  in  Table  62. 

Costs 

Cost  data  have  previously  been  presented  in  Tables  inclusive, 

for  water  development  and  associated  development  programs  for  the  frame- 
work plan.  Average  annual  expenditures  for  water  development  during  the 
5-year  period  1965-69  were  also  compiled  from  agency  and  state  reports. 
Comparison  of  these  data  is  shown  on  the  following  page. 
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Water  Associated 

development  development 

ton-  Non- 


1965-69  average  annual 
installation 
imR 

Framework  plan  average 
annual  installation 

Federal 

5^,880 

10,000 

Federal 

(thousands 

16,000 

1,250 

Federa 1 
of  dollars) 

Federa 1 

1966- 1980 

62,420 

16,930 

12,820 

167,240 

1981-2000 

3^4,950 

i8,v4o 

15,410 

283,730 

2001-2020 

Increased  aruiual  OMicR 
(at  end  of  period) 

19,410 

13,530 

22,490 

4y,400 

1960-1980 

5,010 

12,530 

14,610 

201,340 

1981-2000 

2,470 

17,820 

10,990 

441,790 

2001-2020 

2,070 

7,370 

12,770 

-34,490 

The  large  expenditui'es  for  the  associated  development  program  are 
primarily  designated  for  the  acquisition  and  development  of  recreational 
land  and  facilities  and  the  installation  and  operation  of  thermal- electric 
generating  plants. 

The  1965-69  figures  represent  the  average  in  a period  of  declining 
Federal  expend! tirres.  Compared  to  the  $6^4.9  million  average,  I966  esti- 
mates showed  $76.0  million  and  I969  $^7*6  million.  Non-Federal  expendi- 
tures reireiined  at  aoout  the  sanie  level  during  the  1965-69  period. 


Conclusions 


The  framework  plan  as  outlined  is  general  in  nature  and  presents  one 
way  in  which  the  region's  water  and  related  land  resources  can  be  devel- 
oped and  utilized  to  meet  projected  demands  through  the  year  2020.  Three 
states'  alternative  plans  were  formulated  to  reflect  the  capacity  of  the 
region  to  utilize  resources  and  to  supply  goods  and  services  not  required 
under  the  framework  plan. 

While  the  plan  and  the  alternative  levels  of  development  were  not 
studied  in  sufficient  depth  to  identify  alternative  means  of  meeting  needs 
and  outline  specific  prof'rams  and  projects,  they  satisfy  the  objectives  of 
delineating  the  adequacy  of  the  region's  resources.  The  plans  also  iden- 
tify associated  problems  and  considerations  in  relation  to  conserving  the 
resources  and  to  providing  for  the  overall  well-being  of  people. 

The  framework  plan  generally  meets  all  needs  and  demands  of  the  re- 
gionally interpreted  OBERG  projections.  The  three  "states'  alternative" 
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pianJ  Hiso  t'enenilly  meet  the  regionulLy  interpeted  OBERG  needs  and  derrands 
pins  addition.'il  net-ds  assoflated  with  hip'her  levels  of  developmt-nt. 

natural  resources  ai-e  available  to  meet  all  needs  except  for  part  of 
the  wut er- related  recreation  demand  imposed  by  the  projected  heavy  nonresi- 
dent H'-tlvities  and  shortufies  result irit;  from  localized  hunting  and  fishing 
press'O’es.  The  programs  of  watershed  management  find  flood  control  do  not 
provide  f .11  treatment  and  protection  d\ie  to  economic  considerations.  Al- 
tiiough  ample  resour -es  have  been  identified  to  meet  the  other  projected 
needs,  there  are  cot  flic' Ing  lat.d  and  water  uses  which  remair.  unresolved. 
Additional  studies  are  needed  to  identify  and  weigh  alternative  develop- 
ments. Land  use  studies  are  needed  to  identify  tireas  which  should  be  pre- 
serv'ed  and  to  designate  the  prime  use  of  tireas  where  resource  availability 
overlaps.  Gtate  water  plans  are  under  various  stages  of  preparation  along 
with  P’edvral  and  private  water  development  investigations.  Completion  of 
these  and  additioruil  studies  appear  necessai-y  to  give  a basis  for  select- 
ing developments  which  will  be  in  the  best  pviblic  interest. 

rjcpenditures  would  have  to  be  increased  substantially,  particularly 
by  the  Federal  Goverriment , to  accomplish  the  l}2.9  billion  water-related 
programs  under  the  1‘raraework  plan.  Very  large  expenditures  would  also  be 
required  by  non- Federal  interests  to  provide  for  installation  of  the  $7.6 
billion  electric  power  facilities  and  the  acquisition  of  lands  for  the 
$3-2  billion  recreation  program  under  the  total  I’ramework  plan. 

Legal  and  institutional 

Legal  and  institutional  arrangements  now  provide  broad  and  complex 
systems  for  the  development  and  administration  of  the  land  and  water  re- 
sources of  the  region.  The  arrangements  provided  by  state  and  ederal 
laws  are  largely  complementary  and  have  produced  a high  degree  of  coop- 
eration. However,  challenges  and  conflicts  have  arisen  and  still  exist 
within  the  Upper  Colorado  Region  and  in  the  relationships  with  adja-;ent 
regions.  Tlie  principal  problems  requiring  solutions  or  ad,)ustments  are 
centered  In  the  field  of  reserved  water  rights,  interpretations  of  the 
compacts  re/  . uting  the  use  of  the  water  of  the  Colorado  River  system, 
water  pollution,  land  use,  and  environmental  considerations.  Further 
legal  remedies  will  be  sought  as  water  resources  development  approaches 
the  limit  of  available  supplies. 

Economic  activity 

Economic  development  restraints  imposed  by  the  relatively  large  dis- 
tance to  major  population  centers  and  markets,  the  small  population  base 
and  other  factors  are  expected  to  continue  to  restrict  development  of 
many  of  the  region's  resources.  Although  total  gross  output  is  expected 
to  increase  from  about  $0.5  billion  in  l'’)65  fo  about  $3  billion  In  2020, 
this  merely  maintains  the  relative  positioti  of  the  region  in  terms  of 
the  growth  rate  projected  for  the  Nation. 
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Water  supply 

Cufficient  water  is  physically  available  I'or  ■ 

and  export  to  meet  the  needs  projected  by  tiie  re»'io:.'i.  . 

OBiiRP  (6.55  million  acre-feet)  and  the  three  sta't.es  ' a.’er.-.a*  . . a*  • . 

8.16.  and  9.41  million  acre- feet.  However,  augmentat i o;.  - r a . 

River  system  water  supply  will  be  required  to  meet  the  higher  k-vc;  r-.'-rif 
levels  and  downstream  commitments.  The  exact  quantity  of  augme.-.'*  at  lOn 
cannot  be  determined  because  of  varying  interpretations  of  compacts  and 
treaties  which  affect  the  Colorado  River  Basin  water  supply. 

Ijand  resources 

Land  resources  exist  in  sufficient  quantity  to  meet  requirements  of 
all  projected  levels  of  development.  Potentially  irrigable  land  over  that 
used  in  1965  totals  7'.06  million  acres.  Selection  from  these  lands  can  be 
made  to  meet  irrigated  land  needs  up  to  the  1 million  additional  acres  pro- 
jected under  the  largest  alternative.  Of  the  60.^4  million  acres  used  for 
grazing  in  1965 » 5-8  million  acres  should  be  retired  as  they  are  unsuitable 
for  continued  grazing  use.  Placing  of  all  remaining  grazing  lands  on  a 
sustained  yield  basis  will  provide  for  increasing  forage  production  from 
6.^  to  8.39  million  animal  unit  months.  The  small  total  requirements  for 
urban,  industrial,  transportation,  utilities;  developed  recreation,  fish 
and  wildlife;  and  developed  minerals  can  be  selected  as  needed  but  will  re- 
sult in  decreases  in  land  available  for  grazing,  timber  production,  and  dry 
cropland. 

Need  will  continue  to  select  and  preserve  Lands  for  wilderness,  primi- 
tive, outstandir;g  natural,  historic,  and  cultural  areas  and  scenic  rivers. 
.Management  is  required,  under  the  multiple-use  concept,  of  about  ^1  million 
acres  for  key  habitat  of  wildlife.  Nearly  all  lands  are  avaiiaule  for  ex- 
tensive use  as  undeveloped  recreation  and  hunting  areas. 

Commercial  timoer  exists  on  9-^  million  acres.  Reduction  in  commer- 
cial forests  of  about  2?5>000  acres  will  result  from  conversion  of  forest 
lands  to  other  uses.  This  will  necessitate  an  intensified  timber  manage- 
ment and  timber  harvest  program  to  achieve  the  required  product  ion- -about 
seven  times  the  present  production. 

Minerals 

Tliere  is  ample  evidence  to  suggest  that  the  resource  base  of  the  more 
i.mportant  minerals  customfirily  produced  during  the  past  two  decades  in  the 
Upper  Colorado  Region  is  sufficient  to  meet  all  reasonable  demands  tiirough 
20?0.  The  physical  presence  and  production  potential  of  such  commodities 
as  molybdenum,  coal,  and  trona  clearly  fit  this  assiunption.  Oil,  gas,  and 
uranium  are  examples  of  minerals  that  appear  to  tiave  a less  favorable  re- 
source tjase.  However,  synthetic  fuel  potential  from  oil  shale,  rock  as- 
phalt, and  coal  offers  alternatives  that  can  relieve  denand  pressure  on 
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conventional  fuels.  The  on-coming  development  of  the  uranium  breeaer  re- 
actor. wnich  would  produce  the  fuel  plutonium,  would  also  replace  conven- 
tional fuels. 


Watershed  management 

If  no  additional  watershed  land  treatment  or  flood  protection  pro- 
grams are  initiated,  average  annual  da.mages  will  increase  from  the  pres- 
ent $8."  million  to  $25.6  million  by  2020,  assuming  the  framework  plan 
level  of  development.  Management  and  protection  programs  include  Land 
treatment  on  2h  million  acres  and  installation  of  78,000  water  control 
structures.  These  will  correct  most  of  the  existing  problems  that  can  be 
treated.  Increased  protection  is  an  integral  part  of  the  future  produc- 
tion activity.  Cost  of  tlie  erosion,  flood,  and  sediment  prevention  and 
the  water  yield  Improvement  programs  in  terms  of  average  per-year  expendi- 
tures for  installation  and  operation,  maintenance , and  replacement  for 
1966  to  2C20  is  I4  million. 

Lrosion,  the  most  significant  proolem  affecting  30.5  million  acres, 
requires  an  immediate  action  program  to  treat  3-9  million  acres  in  criti- 
cal erosion  condition. 

Watershed  treatment  programs  needed  to  correct  the  treatable  exist- 
iiig  problems  will  oe  the  same  for  all  alternatives,  and  will  ue  accom- 
plished if  funding  is  available.  The  "going  program"  cased  on  196^-69 
level  of  development  would  accomplish  about  'j’8  percent  of  the  proposed 
program.  The  additional  protection  needed  for  states'  alternatives  will 
ue  an  integral  part  of  the  increased  development  cost. 

Flood  control 

Without  additional  flood  damage  reduction  nieasures,  annual  flood  dam- 
age is  estimated  to  increase  from  $2.8  million  (1965)  to  approximately 
:tl.2  million  ny  I98O,  $6.8  million  by  2000,  ar.d  $10.6  million  by  2020. 

To  reduce  the  hazarus  to  health  and  human  life  and  excessive  economic 
losses  from  floods,  an  appropriate  degree  of  protection  should  oe  pro- 
vided through  structural  and  nonstructural  measures,  consistent  with 
other  uses  of  water  and  land  resources.  Tlie  future  flooit  damage  reduc- 
tion program  consists  of  0.2  million  acre- feet  of  s ingle- purpose  flood 
control  storage  and  2.1  million  acre- feet  of  multipurpose  storage  capac- 
ity; construction  of  9 miles  of  levees  and  11  miles  of  channel  improve- 
ment; nonstructural  measures  including  improved  flood  forecasting,  dis- 
semination of  flood  nazard  information,  flood  plain  zoning,  and  other 
measures  by  local  authorities;  and  land  treatment  on  7 million  acres 
under  watershed  management  programs.  The  program  would  reduce  potential 
annual  flood  (jamages  by  $6.7  million  in  the  year  2020. 
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Recreation 

Over  percent  ol’  the  impact  on  recreation  resources  in  estimated 
to  result  from  nonresidents  of  the  region.  Tiie  low  resident  population, 
adjacent  metropolitan  areas,  and  high  quality  natural  resources  are  the 
major  1‘actors  that  combine  to  create  this  situation.  There  is  an  abun- 
dance of  undeveloped  land  available  in  public  uwnersliip  to  provide  land- 
related  recreation  opportunities  for  residents  and  nonresidents.  However, 
there  are  areas  of  outstanding  quality  not  now  in  public  ownership  that 
need  to  be  purchased  to  ensure  their  protection.  Also,  locally,  there 
are  needs  for  these  lands  because  of  inadequate  distribution  of  public 
lands.  To  provide  more  people  the  opportunity  to  enjoy  these  areas, 
there  is  need  for  more  recreation  facility  development  and  for  suppurt- 
irq'  services.  This  need  is  related  to  private  developments  and  to  the 
presently  inadequate  funding  and  staffing  of  Land  administering  agen- 
cies. Regionally,  there  are  no  surface  water  needs  projected  until 
2020;  however,  there  are  needs  locally  because  most  of  the  water  S'urface 
area  is  concentrated  at  a few  locations.  To  m;ike  more  existing'  and  newly 
developed  water  areas  available  to  recreationists,  there  is  considerable 
need  for  more  access.  This  may  require  legislation,  special  agreements, 
or  the  construction  of  more  roads,  as  the  case  may  warrant. 

Fish  and  wildlife 

Sport  hunting  and  fishing  capacity  can  continue  to  satisfy  demands 
over  future  years  with  t.he  exception  of  huntin^-i  and  fishing  in  Arizona 
and  New  Mexico  and  the  big- game  hunting;  in  Wyoming.  Continued  effective 
management  will  be  essential  and  on-going  plans  and  programs  of  the  state 
and  Federal  fish  and  wildlife  nkanagement  agencies  must  be  vigorously  pur- 
sued to  sustain  the  habitat  capacity. 

Electric  power 

A total  power  generating  capacity  installation  of  U3,U00  megawatts 
is  projected  under  the  framework  plan  by  the  year  2000  to  satisl'y  region 
and  export  requirements.  This  total  includes  a very  large  increase  in 
thermal -electric  generation  facilities  which  will  consume  about  631,600 
acre-l'eet  of  water  annually  for  cooling  purposes.  No  significant  increase 
of  hydroelectric  plant  installation  is  planned  beyond  those  presently  au- 
thorized or  under  construction.  Pumped  storage  sites  are  available  in  the 
region  but  will  not  be  developed  soon  as  equally  good  sites  are  available 
at  points  closer  to  the  large  loads  in  adjacent  regions.  Generation  by 
nuclear- fired  plants  or  other  methods  is  considered  unlikely  due  to  com- 
petition with  lower  cost  coal  fuel. 

Water  quality 

The  quality  of  surface  and  ground  water  supplies  would  generally  de- 
crease with  the  projected  levels  of  use.  However,  the  utility  of  water 
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in  the  rt-gion  not  be  seriously  afleuted.  Feasibility  studies  on 
potential  water  quality  improvement  projects  for  the  Colorado  River  Ba- 
sin are  needed. 
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